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ABSTRACT 


The  problem  investigated  was  concerned  with  the  choice 
behavior  of  three  age  groups  under  three  treatments  of  increasing 
complexity  in  a  probability  learning  task..  Four  variables 
(age,  treatment,  sex  and  repeated  trials)  were  considered  and 
were  analyzed  by  means  of  various  visual  comparisons  of  the 
responses  curves  and  by  a  number  of  pxqxr  factorial  designs  of 
analysis  of  variance.. 

Choice  behavior  is  conceived  as  a  resultant  of  the 
interaction  between  more  fundamental  cognitive  processes.  Piaget's 
formulations  of  mechanisms  and  behavior  operative  during  various 
developmental  periods  of  growth  provided  the  theoretical  basis. 

It  was  postulated  that  at  various  stages  of  cognitive  development 
choice  behavior  strategies  would  emerge  which  would  be  indicative 
of  the  cognitive  processes  operative  at  that  stage  of  development. 

The  three  age  groups  used  in  this  study  were  selected  on 
the  basis  of  Piaget's  stages  of  development  while  Siegel's  work 
provided  the  design  of  the  tasks. 

For  all  three  groups  in  all  three  treatments  the  results 
indicated  that  the  three  age  groups  could  be  differentiated  in 
terms  of  the  strategies  used  and  /or  the  number  of  correct  responses 
realized  in  predicting  events.  With  increasing  task  complexity, 
greater  differentiation  appeared  between  the  age  groups  in  terms 
of  the  strategies  used  and  of  the  success  of  these  strategies  in 
predicting  the  correct  events.  Progressive  or  increasing  complexity 
is  defined  in  terms  of  the  treatments  used:  random,  simple  pattern 
and  multiple  patterns. 

In  treatment  I  the  4-6  year  age  group  and  the  adult  group 
displayed  a  tendency  to  use  pure  strategy,  while  the  7-10  year  age 
group  used  some  form  of  mixed  strategy.  Also,  the  two  older  groups 
achieved  on  asymptotic  level  at  about  120  trials.  The  4-6  year 
age  group  had  not  yet  attained  a  stable  state  at  200  trials. 
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In  treatment.  II  (simple  pattern)  only  the  adults  were 
able  to  detect  the  pattern,  learn  it  and  use  a  patterned  response 
strategy.  The  4-6  year  age  group  tended  towards  pure  strategy, 
while  the  7-10  year  age  group  displayed  a  tendency  towards  mixed 
strategy.  After  the  reversal  shift  in  the  pattern  the  adults  were 
very  quick  to  make  the  appropriate  adjustment.  The  7-10  year 
age  group  required  nearly  twice  as  many  trials  to  make  the  adjust¬ 
ment  and  the  4-6  year  age  group  took  three  times  as  many  trials 
as  did  the  adults. 

The  complexity  of  treatment  III  (multi-pattern)  pro¬ 
vided  the  basis  for  the  highly  significant  separation  of  the 
three  age  groups. 

Generally,  the  findings  were  significant  and  supported 
all  hypotheses  except  those  dealing  with  sex  differences. 

It  may  be  concluded  that  the  4-6  year  olds,  as  a  group, 
perceived  the  events  in  each  of  the  three  treatments  to  be  ran¬ 
dom  and  resolved  the  probability  learning  task  in  the  three  treat¬ 
ments  by  using  "pure"  strategy.  Similarly,  the  7-10  year  olds  be¬ 
haved  as  if  they  too  perceived  the  events  to  be  random  but  re¬ 
solved  their  task  by  using  some  form  of  mixed  strategy.  The  adults 
were  able  to  differentiate  between  the  random  and  patterned 
events  and  to  abstract  information  with  which  to  develop  more 
appropriate  strategies. 

There  is  reason  to  conclude  that  learning  of  patterned 
events  is  a  formal  operations  task.  Further,  a  complexity  hierarchy, 
useful  in  further  research  can  be  generated  by  patterning  the 
events  and  by  varying  the  number  of  alternative  events. 
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CHAPTER  I 


INTRODUCTION 

Human  choice-making  behavior  is  related  to  problem-solving  and 
concept  formation.  Typically,  the  former  behavior  has  been  investigated 
by  having  the  individual  predict  which  event  or  set  of  events  will 
occur  at  some  specific  time,  with  the  events  arranged  to  occur  in  a 
fixed  relative  frequency  and  in  some  fixed  pseudo  "random"  order.  The 
individual,  faced  with  the  necessity  of  developing  a  strategy  for 
making  predictions  in  this  situation,  apparently  makes  new  choices 
utilizing  information  processed  from  the  results  of  previous  attempts. 
Eventually,  noticeable  intra-individual  consistencies  in  predicting  or 
choice-making  develop.  Usually  from  this  point  onward  the  behavior 
tends  to  stabilize.  This  stable-state  behavior  is  referred  to  as  the 
attainment  of  an  asymptotic  level.  Actually,  a  stable  state  may  or  may 
not  be  asymptotic  in  the  strict  mathematical  sense.  Nonetheless,  in 
this  study  it  will  be  used  to  denote  a  relatively  fixed  level  of 
behavior  succeeding  an  earlier  period  of  learning. 

Studies  of  choice  behavior  and  related  topics,  such  as  problem¬ 
solving  and  concept  formation,  have  been  replete  in  psychological 
literature.  Chown  (1959)  and  Duncan  (1959)  have  adequately  reviewed 
this  literature  but  these  studies  have  failed  to  isolate  important 
variables  which  influence  choice  behavior.  Perhaps  past  approaches  to 
research  in  this  area  have  been  too  unsystematic.  As  a  consequence, 
these  studies  of  problem-solving  have  yielded  only  isolated  bits  of 
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information  about  the  refractory  problem  of  choice  behavior.  This  is 
not  to  say  that  all  of  these  studies  have  been  unproductive;  on  the 
contrary,  Piaget  (1937,  1945)  and  his  collaborator,  Inhelder,  have  pro¬ 
vided  current  developmental  psychology  with  valuable  descriptions  and 
speculations  about  what  transpires  during  cognitive  development  from 
early  childhood  to  adulthood.  Hunt  (1962)  and  Flavell  (1963)  provide 
good  reviews  of  Piaget's  and  Inhelder' s  work. 

Kendler  and  Kendler  (1962,  1963)  use  a  different  approach  to 
problem-solving  by  utilizing  the  neobehavioris tic  construct  of  the 
response-produced  cue  as  a  mediator  between  the  external  stimulus  and 
the  external  response  in  a  problem-solving  task. 

It  appears  that  choice  behavior  theory,  concept-formation, 
decision-making,  information  and  other  theories  are  concerned  with  that 
part  of  stable-state  behavior  of  man  which  helps  him  to  adapt  to  new 
situations  in  his  environment.  Man  is  constantly  faced  with  choice 
points  where  he  must  make  a  decision.  These  decisions  at  the  choice 
points  provide  him  not  only  with  direction  for  a  course  of  action  but 
also  with  an  immediate  knowledge  (with  exceptions)  of  the  outcome  of 
these  decisions.  This  knowledge  of  outcomes  establishes  a  repertoire  of 
reference  points  which  tends  to  stabilize  and  habituate  his  behavior. 

Many  studies,  concerned  with  choice  behavior  in  repetitive-choice  situa¬ 
tions,  have  shown  that  as  the  experimental  sessions  progressed,  the 
individual's  choice  behavior,  that  is,  his  distribution  of  choices, 
begins  to  exhibit  some  systematic  trend.  The  individual  tends  to  stabilize 


r,  awIMtaM*  «  :«>•««»«  ri*iw  ■.  4aX^a  >  >v  >  ^btr 

„  „  iq  (IdCD  •;  I.  :  (SW.  <  ‘  .borddiubB  C  f><x  -  blid»  *1 •-*■ 

,  o  8‘  ■  >■  >'J  I1  '*  0  '■■'  5’ 

,  .<»«„.  JomKlb  B  3&u  <£dM  .5*0  l»lfco«.X  br.B  -xBjbn^- 

;  rfj  Jo  S9BU*n03  BlSBlrolvB  isdosn  »rii  aoJ  .il>  lb  Vd  gnivlo* 

!*«*.*»  •  *•***•»•  : 

juivlos-rasldinq  «»«•«  Ib**M*» 

.noidiinoJ-dqsanos  .xxosria  -loXvBrfsd  oxorta  J»du  BTssqqs  31 

riliw  !,«,«  no-,  BXB  »*«•  Id*  «>i .s.-lJlBin-.'ioixlBSb 

.  noil  OB  10  ye-xuoc  •  ■'  •  "  . 

\Q  vmooli .ro  bHj  io  (ano>  .tqsrj  ^  rillw)  Bgbeivofui  alBlbdi^i  na  rlolw  oa.rB 

j  o^.rio-BVxaxlBq  •  tl  to iv^isd  .a:,  o-io  n  J  t-  bdW  d 
eri.  tbafc  ■-!  t  «//oiee*e  lain4  ni*ia<p  ,  -  ec  1  J  ."wo  ;«  dvsd 


3 


his  predictions  at  about  the  same  proportions  in  which  the  choices  occur 
under  certain  specific  conditions  of  no  monetary  payoff  (Estes,  1954; 
Siegel  and  McMichael,  1960). 

Statement  of  the  Problem 

Most  aspects  of  human  behavior  involve  choice.  This  study  is 
concerned  with  choice  behavior  of  three  different  age  groups.  Three 
different  conditions  of  a  probability  learning  task  are  used.  The  first 
condition  is  a  random  sequence  of  events;  the  second  condition,  a  simple 
pattern  of  events;  and  the  third  condition,  a  complex  or  multiple  patterns 
of  events.  After  many  trials  in  making  predictions,  individual  choice 
behavior  appears,  stabilizes,  and  certain  strategies  become  apparent. 

The  problem  under  investigation  is  the  explanation  of  choice  behavior 
differences  for  various  age  levels  differentiated  according  to  Piagetian 
theory.  The  strategies  used  by  each  age  group  are  indicative  of  what 
cognitive  processes  are  available  at  each  stage  of  development.  The 
three  age  groups  used  in  this  study  were  selected  to  include  the  phases 
and  periods  described  by  Piaget's  theory,  particularly  the  concrete 
operation  and  formal  operation  periods.  The  purpose  of  the  study,  then, 
is  to  explicate  how  certain  strategies  are  used  and  how  they  seem  to  be 
associated  with  certain  stages  of  cognitive  development. 
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CHAPTER  II 


DEVELOPMENT  OF  THEORETICAL  RATIONALE  OF  THE  STUDY 

Choice  behavior  cannot  be  conceived  as  one  of  the  basic  psycho¬ 
logical  processes,  since  choice  behavior  reflects  the  interaction  of 
more  fundamental  processes  such  as  perception,  learning,  and  motivation. 
The  problem  is  to  identify  what  factors  may  be  involved  and  how  they 
may  be  investigated.  Two  possible  solutions  might  be  the  finding  of  a 
"true  life"  situation  (Brunswik,  1939,  1943)  or  the  simulation  of  a 
situation  that  is  close  to  the  "true  life"  situation  in  which  most  or 
all  of  the  relevant  variables  can  be  controlled.  However,  the  complexity 
of  the  problems  inherent  in  a  "true  life"  situation  necessitates  the  use 
of  the  analytical  approach  in  an  investigation  of  choice  behavior.  If 
making  choices  is  compounded  by  many  elementary  behavioral  processes, 
then  it  may  be  strategic  to  select  some  simple  problem  in  which  the 
relationships  of  the  fundamental  psychological  mechanisms  of  choice 
behavior  can  be  assumed.  In  this  way  the  mechanisms  to  be  investigated 
can  be  isolated  and  magnified  for  closer  scrutiny. 

However,  there  is  at  least  one  limitation  to  the  analytical 
approach.  Is  it  possible  for  the  researcher  to  investigate  the  fundamen¬ 
tal  psychological  mechanisms  of  choice  behavior  prior  to  his  discovery 
and  understanding  of  them?  Although  this  does  not  invalidate  an  analy¬ 
tical  approach  it  does  require  the  use  of  past  experience  and  personal 
intuition,  preconscious  mentation  (Miller,  1962),  in  formulating  or 
accepting  a  theoretical  position  that  will  express  what  the  researcher 
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hypothesizes  choice-making  to  be. 

Making  choices  involves  psychological  mechanisms.  In  this 
respect  the  theory  of  Piaget  is  very  helpful  since  it  presents  possible 
hypotheses  and  describes  mechanisms  and  behaviors  operative  during 
various  developmental  periods  of  a  child's  growth.  It  also  provides 
certain  concepts  that  help  in  the  investigation  of  choice-making 
behavior. 

Piaget's  work  in  developmental  psychology  clarifies  some  of  the 
cognitive  processes  integrating  perception  and  thought.  As  a  normal 
child  matures,  his  primary  cognitive  processes  gradually  shift  from 
perceptual  centration  to  thought.  This  shifting  is  made  possible  by 
"decentration"  from  the  concrete  to  the  abstract  through  the  use  of 
symbols.  This  is  an  important  concept  since  it  provides  some  indication 
of  a  process  which  may  be  used  to  explain  how  strategies  change  with 
chronological  age  in  choice-making  situations.  Consequently,  it  is 
necessary  to  review  Piaget's  theory  and  explicate  how  his  theory  is 
relevant  to  the  present  study  of  choice  behavior. 

Piaget  has  outlined  his  theory  of  child  development  within 
rather  specific  time  periods.  The  development  of  a  child's  cognitive 
processes  has  been  divided  by  Piaget  into  three  periods:  sensorimotor 
(0  -  18  mos.) ;  concrete  operations  (2  -  12  yrs.);  and  formal  operations 
(12  yrs.  -  adult).  The  concrete  operation  period  is  further  divided 
into  three  phases:  (1)  perconceptual  (2-4  yrs.);  (2)  intuitive 
(4-7  yrs.);  (3)  concrete  operations  (7  -  11  yrs.).  The  ages  of  the 
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subjects  in  this  study  are  within  the  span  of  the  last  two  periods. 

Each  age  group  was  selected  to  be  within  a  particular  phase  or  stage  in 
cognitive  development  as  specified  by  Piaget's  theory.  The  4-6  year 
age  group  is  within  the  intuitive  thought  phase;  the  7-10  year  age 
group  is  within  the  concrete  operations  phase;  and  the  adult  age  group 
is  within  the  formal  operations  period.  The  sensorimotor  period  was 
not  considered  in  this  paper. 

Although  the  preconceptual  thought  phase  (2-4  years)  was  not 
investigated  in  this  study,  it  will  be  discussed  briefly  in  order  to 
provide  some  background  as  to  what  has  transpired  in  the  cognitive 
development  of  a  child  just  prior  to  the  intuitive  thought  phase  (4-6 
years) ,  the  first  age  group  to  be  studied.  The  general  characteristics 
of  each  Piagetian  phase  or  period  relative  to  this  study  will  be  fully 
discussed,  followed  by  an  application  of  Piaget's  theory  to  describe 
the  choice  behavior  expected  at  each  phase  of  cognitive  development. 

Preconceptual  Thought  Phase  (2  to  4  years) 

Until  the  child's  symbolic  processes  have  developed  more  fully, 
much  of  what  he  sees  is  of  a  transient  nature.  He  may  learn  to  recog¬ 
nize  these  transient  stimulus  patterns  as  "shifting  appearances  by 
enduring  objects,"  but  this  does  not  mean  he  possesses  a  concept  of  the 
class.  The  three-year-old  child  still  lacks  the  ability  to  do  deductive 
thinking  and  has  to  use  something  halfway  between  the  concept  of  a 
specific  object  and  that  of  a  class.  Piaget  calls  this  a  "preconcept." 
Therefore,  unlike  adults  who  can  reason  deductively  or  inductively,  the 
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child  at  the  preconceptual  level  must  reason  transduct ively ;  that  is, 
from  particular  to  particular.  The  child  uses  a  form  of  argument  by 
analogy:  "X  is  like  Y  in  one  respect  (attribute) ,  therefore  X  must  be 

like  Y  in  all  other  respects."  Transduction  may  often  lead  to  valid 
conclusions  but  these  are  fortuitous  and  will  at  other  times  lead  to 
errors.  The  child  in  this  stage  is  very  dependent  upon  perceptual- 
mechanisms  for  his  information  about  a  particular  object,  may  centrate 
on  the  object,  and  over  time  become  conditioned  to  it  (Hunt,  1961). 

Piaget  (1945)  has  noted  also  that  at  this  stage  of  development  practice 
of  a  skill  may  have  a  quality  of  intentional  urgency.  He  has  also  noted 
that  this  urgency  and  tendency  to  practice  the  skill  (in  repetitive 
activities)  disappears  once  it  has  been  "mastered"  or  organized.  It  may 
be  that  the  object  of  value  is  replaced  by  another  object  of  value  for 
the  child. 

Intuitive  Thought  Phase  (4  to  7  years) 

This  is  a  transition  phase  when  cognitive  manipulations  and 
social  communications  are  being  extended,  differentiated,  and  combined 
into  action-images,  while  correcting  intuitive  impressions  of  reality 
(spaces,  causality,  etc.).  Thought  is  not  yet  freed  from  perception; 
it  is  not  yet  "decentered" .  The  child  trusts  his  perceptions  rather 
than  his  thoughts  since  his  notions  of  conservation  are  not  yet  developed. 
Because  he  continues  to  be  dominated  by  his  perceptions,  his  conclusions 
are  under  the  control  of  the  changes  in  his  successive  "centerings." 
"Continued  centration"  on  only  some  aspects  (attributes)  of  objects  and 
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phenomena  results  in  a  tendency  to  overemphasize  the  one  element  while 
ignoring  the  relevance  of  others. 

Concrete  Operations  Phase  (7  to  11  years) 

In  this  phase  of  development,  logical  or  operational  thought 
appears.  As  the  child  interacts  repeatedly  with  his  environment  of 
objects,  his  central  processes  become  more  and  more  autonomous.  Basic 
concepts  are  used  in  operational  thought  which  Piaget  refers  to  as  intern¬ 
alized  actions.  Hunt  (1961)  refers  to  these  "operational"  systems  of 
internalized  actions  as  strategies.  With  this  additional  ability  the 
child  can  now  decide  how  to  classify,  relate,  and  order  in  series  various 
objects  and  phenomena. 

However,  at  this  stage,  logical  operations  are  still  at  a  concrete 
level.  These  operations  are  analogous  to  Harlow's  "learning  sets"  and  to 
the  operations  for  information-processing  of  Hunt  (1961) ,  both  of  which 
are  necessary  for  strategy  in  choice-making  processes.  Piaget  (1953) 
sees  logic  (strategy)  as  a  reflection  of  thought  and  he  finds  in  these 
logical  operations  the  models  that  serve  to  explain  what  the  child  can 
and  cannot  do  at  various  levels  of  development.  This  is  a  point  that 
Weir  (1964)  does  not  consider  in  his  study.  The  present  study  attempts 
to  explain  how  certain  kinds  of  responses  (strategies  of  choice  behavior) 
in  a  repetitive  choice  task  are  associated  with  certain  stages  of  develop¬ 
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Formal  Operations  (Adult) 

Equipped  with  the  capacity  for  "operational"  thinking,  the 
youth  can  now  think  about  practical  problems  and  concrete  situations. 

In  this  final  phase  of  development  the  adolescent  moves  towards  complete 
"decentration"  and  "reversibility"  which  help  him  to  "objectify" 
objects  and  phenomena  as  well  as  provide  him  with  the  capacity  for 
abstract  thought.  He  can  now  operate  on  the  form  of  an  argument  and 
ignore  the  content .  He  is  no  longer  tied  to  the  real  but  can  now  con¬ 
sider  hypotheses  which  may  or  may  not  be  true;  that  is,  use  hypothetico- 
deductive  procedures.  His  ability  to  theorize  and  to  criticize  allows 
him  to  try  alternative  ways  of  approaching  a  problem  or  phenomena. 

Along  with  this  unfolding  of  new  mental  operations  is  the  ability  to 
use  combinatorial  analyses  based  on  logical  structures  (strategy) . 
Another  new  and  invaluable  intellectual  technique  which  emerges  is  the 
calculus  of  propositions  which  allows  for  "second-order  operations"  or 
operations  on  operations.  Simultaneously,  his  capacity  to  deal  with 
proportionality  and  probability  also  develops. 

The  overview  of  the  epigenesis  of  behavioral  and  cognitive 
processes  pictures  a  progressive  incorporation  and  reorganization  of 
each  phase  in  the  subsequent  phase,  indicative  of  a  hierarchy  of  infor¬ 
mation-processing  ability. 

Berlyne  (1957)  summarizes  the  three  developmental  stages  of 
Piaget  in  terms  which  are  relevant  to  our  study  of  choice  behavior,  as 
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Children  at  the  intuitive- thought  stages  vary  condi¬ 
tions  haphazardly  and  observe  what  happens  in  parti¬ 
cular  cases  without  deriving  any  general  principles. 

At  the  concrete- operations  stage  one  factor  at  a 
time  is  varied,  and  its  effects  are  duly  noted.  Not 
before  the  formal -operations  stage  does  the  child 
plan  truly  scientific  investigations  varying  the 
factors  in  all  possible  combinations  and  in  a  syste¬ 
matic  order  (Berlyne,  1957,  p.  319). 

It  is  important  to  note  that  during  the  period  of  concrete 
operations,  the  child  is  able  to  form  a  value  system.  This  system  of 
values  he  systematizes  according  to  "relative  priorities"  in  a  consis¬ 
tent  manner.  He  is  able  to  postpone  his  immediate  pay  off  for  future 
pay  off  through  his  "decentrating"  ability.  We  call  this  an  expression 
of  will .  He  can  now  bypass  "symbolic  games"  for  "games  with  rules" 
which  provides  a  basis  for  the  emergent  moral  rules  and  eventually 
logic. 


Although  Piaget  does  not  agree  with  the  "associationist"  or 
"conditioned  reflex"  theorists,  many  of  his  reported  observations  tend 
to  harmonize  his  theory  with  conceptions  of  learning  based  upon  "operant 
conditioning,"  especially  in  the  earlier  phases  of  cognitive  development. 
Berlyne  (1957)  states: 

The  sequence  of  more  and  more  complex  behavior  patterns 
which  he  (Piaget)  depicts  as  outgrowths  of  simple  reflexes 
and  habits  parallels  Hull's  list  of  progressively  more 
intricate  adaptive  behavior  mechanisms .. .Piaget 1 s  view  of 
images  and  thought  operations  as  internalized  event 
responses  approximates  very  closely  the  view  prevalent 
among  S-R  learning  theoris ts . . . (what)  Piaget  is  eagerly 
endeavoring  to  bring  into  relation  with  his  own  findings 
is  that  centering  on  cybernetics  information  theory  and 
game  theory  (Berlyne,  1957,  p.  323). 

Now  we  shall  apply  Piaget's  theory  to  a  repetitive  choice 
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situation  and  point  out  the  kinds  of  choice  behavior  that  would  be 
expected  of  the  various  age  groups,  particularly  of  those  age  groups 
that  will  be  studied  in  this  investigation. 

2-4  Year  Age  Group 

Since  the  child's  choices  are  based  upon  transduction  and 
immediate  perceptions,  he  uses  only  those  dominant  aspects  (attributes) 
of  the  object  or  phenomenon  upon  which  he  has  centrated.  The  act  of 
repeating  an  activity  which  has  become  the  "center"  of  his  interest 
should  result  in  decisions  for  and  persistence  in  repetitive  choice 
situations,  especially  if  pay  off  is  received.  Members  of  this  age 
group  have  a  short  attention  span  and  are  very  easily  diverted  from 
short  range  goals.  Their  short  attention  span  and  ease  of  distraction 
causes  them  to  "tire"  quickly  of  their  repetitive  response  and  dis¬ 
continue  and  centrate  on  some  other  activity.  Unless  someone  prods 
them  to  continue  or  causes  them  to  attend  again,  they  will  abandon  the 
task.  Therefore,  when  prodded,  they  continue  from  the  point  of  diver¬ 
sion.  Seemingly,  they  behave  as  if  they  cannot  do  otherwise.  Why? 

The  answer  appears  to  be  in  their  inability  to  decentrate;  or  it  may 
be  because  they  do  not  have  the  schema,  the  concepts,  or  the  symbols 
that  are  required  in  a  higher  order  of  operations. 

4-6  Year  Age  Group  -  Intuitive  Phase 

The  child  in  this  phase  will  make  much  the  same  kind  of  choices 
as  the  child  in  the  preconceptual  phase,  since  he  does  not  yet  have  the 
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ability  to  "decentrate"  from  the  attributes  that  dominate  his  percep¬ 
tions.  He  too  will  trust  his  perceptions  because  of  his  "centration" . 
Thus,  over  time,  he  should  gradually  become  conditioned  to  them.  In  a 
repetitive  choice  task,  as  soon  as  he  acquires  a  notion  of  which  event 
will  yield  the  most  reward,  he  should  centrate  on  that  event  and  persist 
in  choosing  it.  On  the  basis  of  his  experiences  he  will,  therefore, 
display  a  strategy  that  provides  immediate  tangible  pay  off,  in  order 
to  recognize  immediate  or  short-range  goals.  The  choice  behavior  is 
still  influenced  to  a  very  large  extent  by  the  results  of  the  event  that 
has  immediately  preceeded  the  choice.  His  abilities,  therefore,  prevent 
him  from  a  higher  order  of  operations  with  the  result  that  he  will  be 
unable  to  differentiate  a  random  sequence  of  events  from  a  patterned 
sequence  of  events.  As  already  discussed,  Piaget's  theory  (1947)  would 
suggest  that  during  the  intuitive  period,  when  the  child  finds  that  he 
receives  very  little  success  from  the  less  frequent  event  (or  events) , 
he  accommodates  to  the  most  frequent  event.  The  result  is  that  he 
"centrates"  on  this  event  and  fails  to  look  for  patterns.  Piaget's 
theory  also  suggests  that  the  child  of  this  age  is  still  in  the  pre- 
operational  stages  and  therefore  may  not  have  a  schema  for  response 
patterns  and  thus  be  unable  to  operate  at  a  higher  level. 

7-10  Year  Age  Group  -  Concrete  Operations  Phase 

In  this  phase,  the  child's  abilities  allow  him  to  observe  his 
environment,  to  formulate  hypotheses  about  its  operations,  and  to  try 
to  verify  them  by  his  operations.  His  decisions  still  depend  upon 
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reality  as  he  sees  it.  When  required,  he  looks  to  nature  for  his  cues 
in  order  to  establish  a  strategy  for  action  that  will  match  events  in 
nature.  He  learns  from  these  events  in  nature  and  is  captivated  by 
them,  trying  to  unfold  their  principles.  As  he  meets  with  some  success 
from  his  choice  behavior,  he  is  sure  he  will  have  total  success.  His 
inability  to  abstract  from  the  concrete,  however,  limits  his  success. 
His  behavior  is  highly  exploratory;  he  decides  on  a  strategy,  tests  it, 
and  if  he  finds  his  strategy  incorrect,  he  forms  another.  However, 
rather  than  abstracting  a  more  general  hypothesis  his  strategies  still 
deal  with  the  concrete  rather  than  the  abstract.  Thus,  in  a  repetitive 
choice  task,  we  would  expect  the  child  to  reveal  the  distribution  of 
his  choices  in  a  manner  which  would  indicate  that  he  is  matching  the 
event  probabilities  with  his  proportion  of  possible  responses  (mixed 
strategy).  In  other  words,  he  mimics  the  environment  as  he  attempts  to 
understand  the  concrete. 

Adult  Age  Group  -  Formal  Operations  Period 

During  this  final  stage  the  individual  has  the  capacity  for 
"operational"  thinking;  he  can  think  about  practical  problems.  His 
ability  to  "decentrate"  allows  him  to  consider  various  relevant  aspects 
of  an  object  or  a  phenomenon.  He  now  has  a  schema  for  a  pattern  from 
which  he  can  deduce  from  his  observations  in  a  repetitive  choice  situ¬ 
ation  whether  or  not  the  events  are  patterned.  If  he  concludes  the 
events  to  be  random,  his  capacity  for  proportionality  and  probability 
allows  him  to  estimate  the  frequency  of  each  event.  These  subjective 
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estimates  provide  a  basis  whereby  he  should  be  able  to  decide  either 
to  choose  consistently  the  most  frequent  event  (pure  strategy)  or  to 
try  some  other  combination  of  choices  (mixed  strategy) .  Should  his 
considerations  give  him  reason  to  hypothesize,  or  conclude,  a  patterning 
of  events,  he  should  now  be  able  to  try  to  solve  the  problem  of  what  is 
the  nature  of  the  pattern;  that  is,  its  base  (over  how  many  trials  does 
it  repeat  itself)  and  its  sequence.  Finally,  he  should  be  able  to 
learn  not  only  the  pattern  but  also  be  able  to  persist  in  responding 
to  it  (patterned  response  strategy)  and  thereby  obtain  a  perfect 
number  of  choice  responses.  Where  a  reversal  shift  occurs  in  the 
pattern,  Piagetian  theory  would  indicate  that  his  hypothetico-deductive 
procedures  allow  him  to  make  the  necessary  adjustment  in  his  choice 
behavior  very  quickly.  Whatever  his  conclusion  about  the  conditions 
of  the  repetitive  choice  task,  he  can  use  any  one  of  a  number  of  ways 
of  maximizing  his  expected  utility.  This  ability  to  apply  an  approp¬ 
riate  strategy  is  facilitated  by  being  able  to  abstract  from  experience 
the  elements  which  are  relevant  to  success  (pay  off) .  Reversibility, 
the  ability  to  retrograde  or  invert  (Flavell,  1963),  as  it  were,  over 
an  already  completed  sequence,  allows  him  to  plan  and  modify  strategy 
to  maximize  his  expected  utility.  This  abstract  thinking  further 
allows  him  to  make  short  range  as  well  as  long  range  goals.  This 
ability  to  arrive  at  and  apply  a  strategy  greatly  enhances  his  choice 
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Siegel's  Work  -  Strategies,  a  Useful  Tool 

Germane  to  this  study  are  the  postulates  and  assumptions  that 
when  placed  in  repetitive  choice  task  situations  individuals  will: 

(1)  try  to  maximize  expected  utility;  (2)  reach  an  asymptotic  level 
of  choice  behavior  after  a  number  of  repeated  trials;  and  (3)  indicate 
the  strategy  of  maximization  of  expected  utility  by  the  asymptotic 
level  of  choice  behavior.  It  is  also  assumed  that  these  strategies 
will  help  to  differentiate  between  age  groups  in  their  choice  behavior; 
that  the  cognitive  development  of  the  age  group  dictates  the  kinds  of 
strategies  available  to  them;  and  that  the  results  of  repetitive  choice 
behavior  can  be  explained  in  terms  of  Piaget's  theory  of  cognitive 
development . 

Some  of  these  postulates  and  assumptions  are  based  on  the  work 
of  Siegel  (1959)  in  decision-making  theory.  Much  of  his  research  and 
that  of  his  collaborators  is  concerned  with  choice  behavior  in  a 
variety  of  problem-solving  and  probability- learning  tasks  and  is 
therefore  applicable  to  the  present  study.  The  terminology  is  precise 
and  fruitful  in  designing  as  well  as  reporting  and  interpreting  data. 
The  terminology  also  has  the  value  of  focusing  the  attention  of  the 
investigator  on  environmental  and  behavioral  variables  and  consequently 
aiding  in  the  investigation  of  choice  behavior. 

Any  comprehensive  theory,  such  as  that  of  Siegel,  must  be  able 


to  account  adequately  for  the  contribution  of  different  relevant  variables 
(factors)  involved  in  human  repetitive  choice  behavior.  Because  of 
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their  restrictive  assumptions  based  upon  game  theory  (von  Neumann  and 
Morgenstern,  1947)  and  statistical  learning  theory  (Estes  1950,  1959), 
some  theoretical  approaches  to  choice  behavior  have  been  inadequate 
for  explaining  human  choice  behavior.  However,  predictions  of  asymp¬ 
totic  levels  of  choice  behavior  obtained  by  using  the  decision-making 
theory  model  of  Siegel  (1959)  and  McMichael  (1960)  have  been  successful 
in  dealing  with  the  problem  of  one-person  game  situations  where  the 
amount  of  reward  and  amount  of  variability  are  varied  (Siegel  and 
Goldstein,  1959;  Radlow  and  Siegel,  I960;  Siegel  and  McMichael, 

1960;  McKendry,  1961) . 

Siegel  (1959)  incorporates  three  factors  in  his  first  model 
of  stable-state  behavior:  "(1)  the  proportion  of  times  the  subject 
chooses  the  more  frequent  event,  (2)  the  marginal  utility  of  a  correct 
prediction,  and  (3)  the  marginal  utility  of  variability.1'  Gaberman 
(1962)  and  Siegel  and  McMichael  (1960)  have  generalized  this  model  to 
include  the  effect  of  differential  pay-offs;  that  is,  the  amount  of 
reward  for  any  of  the  events. 

The  general  assumption  underlying  the  Siegel  decision-making 
theory  approach  is  that  subjects  will  attempt  to  maximize  expected 
utility.  One  specific  assumption  of  Siegel's  model  is  that  when  there 
is  an  increase  in  reward  of  the  correct  prediction  there  is  also  an 
increase  in  its  marginal  utility;  and/or  when  there  is  additional 
increase  of  the  variability  within  the  task  there  is  a  decrease  in 
marginal  disutility  or  a  decrease  in  boredom  (Sloan  and  Zurcher,  1953) 
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associated  with  the  repeated  response,  and  thus  an  increase  in  the 

tendency  to  maximize  the  probability  of  the  prediction.  The  general 

approach  of  Siegel's  theory  is  expressed  in  the  hypothesis  that: 

....the  asymptotic  probability  of  a  person's  predicting 
the  occurrence  of  the  more  frequent  event  in  a  two-choice 
uncertain-outcome  situation  is  a  function  of  the  levels 
of  reward  present  in  the  situation,  such  that  the 
probability  of  predicting  the  more  frequent  event  will 
tend  toward  unity  as  the  rewards  (positive  utility)  and 
costs  (negative  utility)  of  correct  and  incorrect  predic¬ 
tions  are  increased  (Messick  and  Brayfield,  1964,  p. 159). 

According  to  Siegel's  theory,  in  a  repetitive-choice  situation, 
regardless  of  the  strategy  or  strategies  used  in  the  prediction,  the 
subject's  behavior  will  eventually  reach  a  stable-state  or  asymptote . 

At  this  stable-state,  the  long-run  proportion  of  times  in  which  the 
subject  will  choose  a  particular  alternative  is  his  choice  probability 
for  that  particular  alternative  and  the  proportionate  distribution 
of  the  subject's  choices  at  this  stable-state  represents  his  strategy. 
There  appears  to  be  a  systematic  change,  an  incremental  learning 
(Skinner,  1938;  Hull,  1943;  Estes,  1949;  Jarvik,  1951),  in  the  proba¬ 
bility  of  correct  prediction  as  a  function  of  continued  experience 
with  the  event  probability.  Messick  and  Solley  (1957)  called  this 
probability  learning.  Probability  learning  seems  to  be  asymptotic 
between  200  and  300  trials  (Siegel,  1964)  and  appears  then  to  remain 
quite  stable.  The  point  at  which  the  asymptote  would  tend  to  fall 
off  or  otherwise  change  has  not  been  investigated. 

The  theoretical  rationale  has  been  presented  in  this  chapter. 
The  rationale  for  this  experiment  has  emphasized  the  importance  of 
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cognitive  development  on  choice  making  and  has  suggested  the  expected 
choice  behavior  that  may  be  explained  according  to  Piagetian  theory. 
Through  reference  to  the  work  of  Siegel,  the  importance  and  the  rela¬ 
tionship  of  strategy  to  probability  learning  was  pointed  out.  Further, 
some  of  the  general  features  of  the  processes  involved  in  choice 
behavior  were  identified. 

The  following  chapter  discusses  some  related  studies  and 
stresses  the  role  of  additional  factors  in  choice  behavior. 
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CHAPTER  III 


RELATED  STUDIES  AND  THE  ROLE  OF  OTHER  FACTORS 
IN  CHOICE  BEHAVIOR 

There  are  many  studies  that  support  the  notion  that  there  is 
a  definite  tendency  (both  in  the  young  and  older  subjects)  to 
"maximize  probability"  of  reward  in  predictions.  Supporting  studies 
in  this  area,  using  adult  college  students  (Brunswik,  1951;  Hake  and 
Hyman,  1953;  Humphreys,  1939;  Jarvik,  1951),  as  well  as  with  young 
children  (Messick  and  Solley,  1957;  Stevenson  and  Weir,  1959;  Stevenson 
and  Zigler,  1958;  Weir,  1962;  Kendler  and  Kendler,  1962),  show  that 
these  subjects  do  tend  to  maximize. 

Jones  and  Liverant  (1960)  give  further  support  with  their 
finding  that  younger  subjects  (4  to  6  years)  showed  more  maximization 
by  utilizing  "pure"  strategy  in  a  two-choice  task  than  did  the  older 
subjects  (9  to  11  years) .  This  "pure"  strategy  that  occurs  early  in 
performance  is  indicative  of  fairly  "primitive  problem-solving 
behavior  "  (Weir,  1964). 

Weir  (1964)  studied  performance,  in  a  problem-solving  task, 
of  subjects  at  various  age  levels  from  3  to  20  years.  He  assumes  that 
the  differences  in  performance  at  different  age  levels  and  at  different 
points  during  the  task  reflect  the  hypothesis  and  the  strategies  of 
the  subjects.  He  describes  a  U-shaped  relationship  between  age  and 
terminal  level  of  correct  response  and  an  inverted  U  relationship 
between  age  and  simple  patterns  of  response.  The  younger  group  of 
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subjects,  3  to  5  years  of  age,  also  showed  a  more  rapid  rise  to  a 
terminal  level  of  response  than  did  both  of  the  older  groups  of 
subjects,  7  to  11  years  and  15  to  20  years.  He  attributed  these 
differences  to  the  effects  of  the  subjects'  growth  and  development. 

Weir  also  noted  that  the  youngsters  (3  to  5  years)  behaved  approxi¬ 
mately  the  same  as  the  adult  group.  In  the  light  of  Piaget's  theory 
there  seems  to  be  little  doubt  that  different  processes  must  have  led 
to  the  final  level  of  terminal  responses. 

Effective  choice  behavior  involves  the  ability  to  perceive 
and  evaluate  relevant  information  and  then  to  select  the  particular 
course  of  action  (strategy)  that  seems  the  most  likely  to  meet  both 
the  demands  of  the  situation  and  the  overall  needs  of  the  individual 
(expected  subjective  utility) .  Many  choices  become  habitual  and 
automatic.  Once  effective  ways  have  been  found  to  handle  routine 
problems  of  everyday  living,  little  or  no  thought  is  devoted  to  them. 
There  are  many  situations,  however,  which  require  a  fresh  and  creative 
approach  on  the  part  of  the  individual. 

Role  of  Other  Factors  in  Choice  Behavior 

Basic  to  effective  choice  behavior  in  new  situations  is  the 
clear  perception  of  the  alternatives  and  the  universe  of  possible 
events.  But  this  is  not  all.  Other  factors  affect  choice,  such  as 
faulty  assumptions,  disabling  attitudes,  rigid  mental  set,  ego-defensive 
orientation,  stress  and  emotion,  and  a  tendency  to  oversimplify  the 
complexity  of  the  complex  situations  (Coleman,  1960).  Along  with 
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these,  there  are  certain  other  factors  which  warrant  recognition  and 
discussion. 

Verbal  Processes  -  Language 

Bruner  (1964)  points  out  the  importance  of  internalized 
language  as  a  cognitive  instrument  by  which  it  becomes  possible  for  a 
child  to  represent  and  to  transform  systematically  the  regularities 
of  experience  with  greater  "flexibility  and  power."  In  his  study  on 
conservation,  he  states  that  a  child  "must  have  some  internalized  verbal 
formula  that  shields  him  from  the  overpowering  appearance  of  the  visual 
displays."  In  other  words,  cognitive  symbolization  is  necessary  to 
properly  objectify  the  elements  of  an  experience  or  observed  phenomenon 
before  any  cognitive  groups  and  operational  systems  can  take  place. 

It  follows  that  a  young  child  (4  to  6  years)  who  may  not  be  able  to 
verbalize  about  the  elements  of  an  experience  or  observed  phenomenon 
is  limited  in  the  level  at  which  he  can  cognitively  process  information. 
This  in  turn  will  limit  his  conclusions  and  decisions  for  actions  about 
the  nature  of  the  phenomenon  perceived.  Recent  Russian  literature 
(Vygotsky,  1962;  Luria,  1961)  has  also  called  attention  to  the  so- 
called  second-signal  system  which  replaces  classical  conditioning  with 
an  internalized  linguistic  system  for  shaping  and  transforming  experience 
itself . 

Kuenne  (1946)  suggests  that: 

...  there  are  at  least  two  developmental  stages  so  far  as 
the  relation  of  verbal  responses  to  overt  choice  behavior 
is  concerned.  In  the  first,  the  child  is  able  to  make 
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differential  verbal  responses  to  appropriate  aspects 
of  the  situation,  but  this  verbalization  does  not 
control  or  influence  his  overt  behavior.  Later, 
such  verbalizations  gain  control  and  dominate  choice 
behavior  (Harper,  et  al,  1964,  p.  637). 

This  implies  not  only  that  acquisition  of  verbal  processes  (language) 

can  affect  the  transition  to  behavior  dominated  by  such  processes, 

but  also  that  in  a  probability  learning  situation  the  child’s 

responses,  discriminations,  response  patterns,  etc.  become  keyed  to 

words  relating  to  the  cue  aspect  of  the  stimuli  (Keunne,  1946). 

Expectancy  Set  for  Complex  Solutions 

In  a  typical  probability  learning  study  an  important  factor 
in  the  subject's  choice  behavior  should  be  "pre-conceptions  or  sets" 
that  the  subject  brings  with  him,  for  all  he  is  told  is  to  predict 
which  of  two  or  more  events  will  occur  or  to  choose  between  two  or 
more  events.  One  factor  indicated  by  Weir  (1962)  that  results  from 
pre-conceptions  or  sets  may  be  "the  frequent  occuring  patterns"  which 
he  observed  in  his  study. 

The  older  subjects  (7  -  10  years),  and  particularly  the  adults, 
enter  a  two-choice  task  with  a  strong  expectancy  set  (Zajonc,  1955; 
Cohen,  1961)  that  there  is  a  solution  which  will  give  100  per  cent 
reinforcement  (reward) ,  with  100  per  cent  predictability  of  whether  a 
reward  will  be  delivered  or  whether  it  will  not  be.  Consequently, 
these  subjects  employ  complex  strategies  based  upon  complex  hypotheses 
about  the  nature  of  the  task  and  reward  schedule  (Weir,  1964). 
Apparently  younger  children  are  not  concerned  with,  or  are  incapable  of, 
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constructing  such  complex  hypotheses  and  consequently  respond  on  some 
different  basis.  Some  of  the  possible  bases  for  this  response  are 
presented  earlier  in  this  paper  in  the  discussion  of  Piaget's  theory. 

The  expectance  of  complex  solutions  displayed  by  older  subjects 
(7  to  11  years)  is  strongly  entrenched  and  difficult  to  overcome. 

Hyman  and  Jenkins  (1956)  found  it  difficult  to  convince  subjects  that 
a  particular  sequence  of  events  was  random  rather  than  structured. 
Supporting  evidence  (Morse  and  Runquist,  1960)  for  the  notion  that 
subjects  will  be  more  inclined  to  use  matching  behavior  (non-maximizing) 
is  more  common  if  the  subject  believes  that  the  experimenter  has  pre¬ 
scheduled  a  series  of  events.  Gruen  and  Weir  (1964)  found  similar 
evidence  when  they  investigated  the  use  of  instructional  sets  concerning 
randomness  and  non-randomness. 

The  expectancy  of  the  older  subjects  (13  years  and  college  age) 
that  there  is  a  complex  solution  actually  motivates  them  to  behave 
in  such  a  way  that  they  seem  to  choose  the  more  frequently  reinforced 
alternatives  less  often.  As  a  consequence,  subjects  that  choose  to 
behave  in  a  more  complex  fashion  receive  a  lower  frequency  of  reinforce¬ 
ment  than  do  subjects  who  behave  in  a  less  complex  manner  (Kendler, 

1963;  Stevenson,  Iscoe,  and  McConnell,  1955;  Weir  and  Stevenson,  1959). 

Response-Hypo thesis  Orientation 

Goodnow  and  Pettigrew  (1956)  suggest  a  "response-hypothesis 
orientation"  very  similar  to  the  Russian  research  of  the  "what  is  it?" 
(chto  takoe)  reflex  (Pavlov,  1927)  to  account  for  the  difficulty  in 
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simple  pattern  learning  which  may  be  actual  or  hypothesized.  According 
to  them,  this  means  that: 

The  Ss  use  their  choices  as  direct  tests  of  specific 
hypotheses  rather  than  as  tools  for  data  gathering  with 
hypotheses  testing  held  in  abeyance.  As  a  result,  the 
information  gathered  is  related  to  a  specific  hypothesis, 
and  if  the  latter  should  prove  to  be  wrong,  it  is  only 
with  difficulty  that  the  information  can  be  transformed 
and  made  relevant  to  another  hypothesis.  As  a  rule, 
subjects  do  not  transform  information  but  start  from 
scratch  again  with  their  next  hypothesis  (Goodnow  and 
Pettigrew,  1956) . 

Whether  the  search  for  response  patterns  is  due  to  exploratory  drive 
(Berlyne,  1960)  of  the  middle  age  group  (7  to  11  years)  or  to  "response- 
hypothesis  orientation"  of  the  oldest  group  (13  years  or  older)  the 
result  is  the  same:  it  results  in  lowered  reward  for  both  groups. 

This  type  of  behavior  (search  for  possible  response  patterns)  for 
the  middle  group  (7  to  10  years)  may  have  a  utility  of  variability  that 
has  a  greater  value  than  the  utility  of  reward.  They  may  be  trying  to 
seek  information  for  "information  sake"  or  just  may  be  trying  to  "beat 
the  machine."  As  a  result,  they  would  continue  to  persist  in  this  type 
of  behavior,  in  spite  of  the  lowered  reward.  If  this  is  so,  then  keeping 
variability  constant  or  low  and  increasing  pay-off  should  result  in  an 
increase  in  maximization  behavior.  Or,  conversely,  increasing  variability 
should  decrease  the  disutility  of  boredom  and  increase  maximization 
behavior  (Siegel  and  Andrews,  1964).  At  first,  the  oldest  group  (adults) 
may  be  expected  to  behave  in  a  similar  manner;  that  is,  to  look  for 
possible  "perfect"  solutions.  However,  after  a  time  it  may  be  expected 
that  the  oldest  group  should  abandon  this  search  for  patterns  and  turn  to 
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the  higher  level  of  abstraction  for  their  response  behavior.  Weir  (1964) 
states : 


...  It  seems  reasonable  to  assume,  then,  that  the  older 
subjects  (the  18-year-olds)  for  example,  enter  this  task 
with  complex  hypotheses  concerning  solution,  employ 
complex  strategies,  systematically  reject  these  strate¬ 
gies  when  they  do  not  provide  a  solution  which  meets  their 
expectation,  and  finally  arrive  at  something  very  close 
to  an  actual  game  solution.  That  is,  they  eventually 
begin  to  realize  that  two  of  the  buttons  have  nothing  to 
do  with  the  game  and  begin  to  maximize  their  choice  of 
the  only  alternative  that  ever  pays  off.  But  this  maxi¬ 
mizing  strategy  comes  about  as  a  consequence  of  a  vastly 
different  process  than  does  the  maximization  shown  by  the 
three  and  five  year-olds  (pp.  478,  479). 

Applying  Piaget's  theory  to  the  behavior  of  the  middle  group 
(7  to  10  years) ,  an  increase  in  variability  or  an  increase  in  pay-off 
should  cause  the  subjects  to  abandon  or  "decentrate"  their  search  of 
response  patterns,  to  attend  to,  or  "centrate"  on  the  increase  in 
variability  or  pay-off,  and  in  this  way  increase  maximization  behavior. 

Thus  far  there  appears  to  be  a  reasonable  explanation  for  the 
behavior  of  the  younger  subjects  (4  to  6  year-olds)  and  for  the  eventual 
maximizing  tendency  of  the  adults.  However,  the  middle  group  (7  to  10 
year-olds)  with  its  search  for  response  patterns  and  its  low  terminal 
levels  for  correct  response  is  much  more  difficult  to  explain.  There¬ 
fore,  it  is  necessary  to  more  thoroughly  scrutinize  the  strategies 
employed  by  these  subjects. 


Response  Patterns 

In  perceiving  the  environment,  the  idea  of  randomness  is  almost 
alien  to  the  human  mind  (Cohen,  1960) ;  our  mental  activity  is  characterized 
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by  a  search  for  order  and  meaning.  Most  persons,  in  making  predictions, 
have  some  "system  ranging  from  very  simple  to  highly  complex." 

The  most  "common  response  pattern  used  in  this  task  (at  least  for 
some  ages)  involves  some  variant  of  a  left,  middle,  right  (LMR) ,  or  as 
right,  middle,  left  (RML)  scheme"  (Weir,  1962).  In  a  later  study 
(Stevenson  and  Weir,  1963)  the  Ss  who  believed  there  was  a  solution  to 
the  task  also  believed  that  the  solution  would  involve  some  sort  of 
patterning  and  acted  as  if  they  were  attempting  to  find  the  pattern  that 
would  solve  the  problem.  This  was  no  doubt  partly  due  to  the  nature  of 
the  apparatus . 

An  inverted  U  curvilinear  relationship  between  age  and  performance 
appears  in  LMR  and  RML  patterns.  Weir's  statistical  analysis  seems  to 
indicate  that  patterns  of  the  simple  LMR  and  RML  nature  are  less  likely 
to  portray  the  choice  behavior  of  the  younger  children  (3  to  5  years) 
and  the  older  group  (17  years  up)  than  of  the  middle  age  group  (9  to 
10  years).  The  3  year-olds  virtually  never  use  these  patterns;  the 
older  group  (17  years  and  up)  use  them  at  the  beginning  of  the  task, 
but  soon  drop  them;  the  middle  group  (9  to  10  years),  however,  tended 
to  use  patterns  rather  consistently  throughout  the  task. 

Two  explanations  for  the  behavior  of  the  middle  age  (9  to  10  years) 
children  seem  plausible.  Either  this  middle  age  group  is  incapable  of 
using  (or  do  not  have)  more  complex  patterns  when  the  simple  patterns 
fail,  or  they  are  for  some  reason  unable  to  accept  the  failure  of  the 
simple  patterns  and  continue  to  respond  in  a  fairly  stereotyped  fashion. 
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It  may  also  be  that  a  combination  of  both  factors  is  partially  respon¬ 
sible  for  the  behavior  of  these  middle  range  children. 

According  to  Piaget's  theory,  middle  range  children  (7  to  10 
years)  are  still  in  the  concrete  operations  period  and  therefore  not 
equipped  to  function  on  a  formal  operations  level.  Although  they  may 
be  able  to  form  the  simpler  hypotheses  they  are  still  very  much 
"centrated"  on  the  concrete.  The  ability  to  abstract  from  experience 
and  to  form  complex  hypotheses  comes  later  in  their  development. 

During  this  period  they  are  in  a  transitional  state,  slowly  moving  from 
the  concrete  towards  the  formal  operations.  Many  of  their  abilities 
(such  as  hypotheses-f ormation,  analyses,  syntheses,  etc.)  are  not 
sufficiently  coordinated  for  abstract  thinking. 

Studies  involving  a  two-choice  task  for  different  age  groups, 
ranging  from  3  to  4  years  of  age  (Kessen  and  Kessen,  1961)*,  5  to  9, 
and  13  years  of  age  (Craig  and  Myers,  1963);  6  to  9,  and  11  years  of 
age  (Gratch,  1959) ;  and  15  years  of  age  (Ross  and  Levy,  1958) ,  although 
differing  in  tasks  and  reward,  allow  the  examination  of  response 
patterning  behavior  among  different  age  groups.  When  the  data  are 
combined,  the  apexes  of  the  two-response  curve  and  that  of  the  three- 
response  curve  suggest  that  when  the  number  of  choices  are  reduced 
from  three  to  two,  stereotype  pattern  behavior  appears  at  an  earlier 
age.  This  supports  the  notion  that  complex  hypothesis  formation 
ability  and/or  information  processing  capacity  develop  at  a  different 
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In  the  three-choice  task,  the  increased  complexity  of  LMR  and 
RML  patterns  may  be  beyond  the  capacity  of  these  middle  age  (7  -  10 
years)  subjects  to  process  all  the  possible  information  gained  from 
knowledge  of  outcomes.  Information  from  previous  response  patterns 
may  not  be  used  because  they  are  unable  to  remember  the  long  and  complex 
series  of  responses  from  which  information  about  the  success  or  failure 
of  events  is  processed.  If  it  is  impossible  to  recall  these  long 
series  of  responses,  then  a  return  to  some  type  of  basic  patterning  is 
understandable.  If  this  stereotype  pattern  is  due  to  inadequate  recall, 
then  allowing  the  subjects  to  record  the  results  of  the  events  and 
their  responses  should  reduce  pattern  stereotype. 

Reversal-Shift  of  Pattern 

Kendler  and  Kendler  (1962)  have  suggested  that  reversal  shift 
behavior  is  relevant  to  response  patterns.  In  their  experiments  they 
found  that  after  relatively  few  trials  (6  mean  number  of  trials)  the 
younger  subjects  (3  to  5  year-old  fast  learners)  are  capable  of  reversal 
shifting  just  as  quickly  as  are  the  adult  group.  This  appears  to  be 
a  recentering  of  attention  with  each  shift;  there  was  no  long  term 
centration.  It  is  supposed  by  the  researcher  in  this  study  that  after 
200  or  even  140  trials  the  younger  subjects  should  be  conditioned  to  a 
response  pattern  and  that  after  a  reversal  shift  of  M  F  E  frequencies 
the  younger  subjects  should,  because  of  the  long  term  centration, 
persist  in  the  previous  pattern  for  a  longer  period  than  the  adult 
subjects  over  the  remaining  100  trials. 
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Psychological  Probability 

The  subjective  theory  of  probability  which  deals  with  a  measure 
of  the  individual's  confidence  in  the  truth  of  a  particular  proposi¬ 
tion  is  utilized  by  Cohen  (1960)  for  his  theory  of  psychological 
probability.  Cohen  attempts  to  explain  those  random  responses  which 
are  not  logical,  and  do  not  depend  solely  on  information  or  facts, 
but  are  based  on  a  host  of  purely  personal  factors.  Because  of  this 
there  are  no  "errors"  in  psychological  probability,  only  phenomena  or 
tendencies.  In  the  usual  statistical  context,  these  "break-aways" 
from  the  expected  behavior  are  considered  to  be  error.  It  deals  with 
how  people  actually  behave  and  not  with  how  they  should  behave. 

Psychological  probability  changes  in  a  systematic  fashion  from 
one  stage  of  mental  development  to  another.  Children's  predictions 
at  different  ages  indicate  the  extent  to  which  they  have  reached  the 
stage  for  utilizing  this  sort  of  statistical  relationship.  In  children 
of  9  and  10  years  of  age  the  estimates  decline  when  the  number  of 
hypothetical  attempts  increases.  Psychological  probability  is  con¬ 
cerned  with  "learning  how  to  learn"  from  the  learner's  point  of  view 
(Cohen,  1960) . 

Sex  Differences 

There  seems  to  be  no  concrete  evidence  that  there  are  sex 
related  differences  in  any  reported  studies  of  probability  learning. 

It  may,  however,  be  noted  that: 

There  are  major  differences  between  the  sexes  in  rate 

of  development,  which  although  present  during  childhood 
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are  most  obvious  during  adolescence.  It  is  generally 
agreed  that  girls  mature  mentally  and  physically 
earlier  than  boys  do  (Powell,  1966,  p.  8.). 

Piaget's  observations  do  not  account  for  any  sex  differences  since 

their  major  emphasis  is  on  chronological  developmental  levels.  Any 

sex  differences  to  be  found  in  this  study  would  be  expected  to  be  due 

to  maturational  differences. 
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CHAPTER  IV 


DEFINITIONS,  POSTULATES,  ASSUMPTIONS  AND  HYPOTHESES 

In  order  to  make  the  definitions  more  meaningful  for  the  reader 
at  this  point  a  brief  general  description  of  the  task  in  this  experiment 
follows . 

Three  treatments  were  used  in  this  experiment.  In  each  of  the 
three  treatments  the  task  was  a  three  event  probability  learning  task. 

The  ^th  event  has  a  fixed  probability  of  occurrence  IL  .  When  i  repre¬ 
sents  the  most  frequent  event,  then  =  .70.  The  probabilities  of  the 
other  two  events  were  0.2  and  0.1  respectively,  except  in  Treatment  III 
when  the  fixed  probabilities  change. 

A  choice  point  is  indicated  by  the  illumination  of  the  signal 
lights,  signalling  to  the  subject  that  he  should  make  a  prediction.  A 
trial  is  initiated  by  the  illumination  of  the  signal  lights  and  includes 
the  subject's  prediction  made  by  pressing  the  black  button  on  the  base 
of  the  panel  corresponding  to  the  event  light  which  he  predicts.  Within 
a  few  seconds,  illumination  of  one  of  the  event  lights  indicates  the 
correct  response  to  the  subject.  A  large  number  of  such  trials  in  blocks 
of  20  trials  succeed  one  another  in  the  series. 

Definitions 

1.  event  -  is  the  illumination  of  a  red  light. 

2.  alternative  -  is  the  course  of  action  open  to  the  subject  represented 
by  the  choice  of  buttons  before  him,  one  button  corresponding  to  each 
of  the  three  possible  events. 
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3.  choice  point  -  is  a  signal  which  signifies  to  the  subject  that  it  is 
time  for  him  to  make  a  prediction  concerning  one  of  three  possible 
events . 

4.  choice  -  is  the  subject's  expression  of  his  prediction  of  an  event 
made  by  pressing  the  appropriate  button. 

5.  trial  -  is  initiated  by  the  choice  point  signal  and  includes  the 
subject's  prediction,  the  subsequent  illumination  of  one  of  the  event 
lights  accompanied  by  the  subject's  observation  of  this  event,  and 
any  payoff  to  the  subject. 

6.  trial  block  -  is  a  specified  subset  of  the  total  series  of  trials. 

In  this  study  the  subset  consists  of  20  trials. 

7.  n  ±  -  is  the  fixed  probability  of  occurrence  of  the  ^th  event  in 
successive  trials,  (i  =  1,  2,  or  3) 

8.  most  frequent  event  (MFE)  -  is  that  event  which  has  the  highest 
probability  of  occurring  in  a  series  of  trials. 

9.  correct  response  (CR)  -  is  a  prediction  which  is  confirmed  by  the 
event  which  follows  it. 

10.  outcome  -  is  the  subject's  experience  of  a  correct  or  incorrect 
response . 

11.  utility  or  subjective  value  -  is  the  intrinsic  worth  of  an  outcome 
to  an  individual. 

12.  expected  utility  -  is  the  expectation  of  the  utility  of  the  outcome. 
marginal  utility  of  a  correct  choice  -  is  the  value  subjectively 
assigned  to  a  correct  response. 
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14.  stable  state  or  asymptotic  level  -  is  the  proportion  of  times  a 
subject  chooses  each  of  the  alternatives  within  defined  final 
trial  block  s  . 

15.  strategy  -  is  the  proportionate  distribution  of  the  subject's  choices 
at  the  stable  state. 

16.  mixed  strategy  (matching  strategy)  -  is  a  condition  of  behavior 
said  to  exist  when  the  proportionate  distribution  of  the  subject's 
choices  of  each  of  the  possible  alternatives  is  equal  to,  or 
matches,  the  probabilities  with  which  the  events  occur. 

17.  pure  strategy  -  is  the  relatively  stable  state  of  predicting  the 
most  frequent  event  on  all  trials. 

18.  patterned  response  strategy  -  is  said  to  exist  when  the  proportionate 
distribution  of  the  subject's  choices  has  one  to  one  correspondence 
with  the  sequence  in  which  the  events  occur. 

19.  random  (treatment)  -  describes  the  order  in  which  the  events  occur 
randomly  over  the  successive  trials. 

20.  simple  (treatment)  -  describes  the  order  in  which  the  events  occur 
in  a  repeating  pattern  over  specified  numbers  of  trials. 

21.  multi-pattern  (treatment)  -  describes  the  order  in  which  the  events 
occur  such  that  more  than  one  pattern  simultaneously  repeated  over 

a  series  of  trials  and  whose  It.  ' s  when  added  are  greater  than  unity. 

22.  recovery  curve  -  represents  the  plotted  means  of  those  trial  blocks 
necessary  for  subjects  to  return  to  the  previous  asymptotic  level 
of  predicting  the  MFE  after  a  reversal  shift  of  the  MFE  has  taken 
place. 
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Postulates 

1.  As  a  normal  child  develops  chronologically  his  primary  cognitive 
processes  gradually  shift  from  perceptual  centration  to  thought. 

2.  The  phases  of  cognitive  development  as  designated  by  Piaget  dictate 
the  abilities  that  are  available  to  the  child  as  he  tries  to 
maximize  his  expected  utility. 

3.  Piaget's  division  of  the  period  of  concrete  operations  into  phases 
as  well  as  his  period  of  formal  operations  can  be  used  as  criteria 
for  selecting  the  three  age  groups  of  this  study  as  follows: 

(a)  intuitive  thought  phase  -  (4-6  age  group)  -  during  this  phase, 
the  child  is  dominated  by  his  perceptions,  and  continues  to 
"centrate"  on  attributes  of  objects  and  phenomena  at  the  expense 
of  excluding  other  relevant  attributes. 

(b)  concrete  operations  phase  -  (7-10  age  group)  -  during  this 
phase  logical  thought  appears,  but  it  is  tied  to  the  concrete 
level . 

(c)  formal  operations  period  -  (adult  group)  -  during  this  period, 
the  subject  is  provided  with  abilities  to  work  cognitively  on 
practical  problems  and  concrete  situations.  In  this  final 
stage  he  has  the  ability  to  "decentrate" ,  to  "reverse",  to 
"specify"  and  to  think  abstractly. 

4.  The  choice  behavior  after  the  subject  has  arrived  at  a  relatively 
stable  state  designates  the  strategy  that  has  been  adopted  to 
maximize  his  expected  utility  of  a  correct  choice. 


asJniu  3  oOc: 


.Jri80odS  o,  notsasSnao  i«***»<t  -*  1»*  *““*"«  •“"9"' * 
936Saib  Sa8.i*  xd  a*  Sna»  ,oIavsb  aviSio.qoa  HmO,  >' 

os  sails  ad  .a  bildo  »dl  ol  **k  *•*>  **iala,'s 


a98B1Sq  osni  anoisasaqo  aSesonoa  lo  boxsaq  ads  *»  nolaiulb  •,"8a”. 
8i,.sl*  as  ba  a  ad  o*>  anoisssaqo  !»«**  *  *>'«,  aid  .»  Hav  r  * 

.gwoxiol-  «•  xb"J*  itris  i0  aqooIS  988  ***  S‘Ti  ”*lM  ■’■ 

aaerfq  aids  Snisub  -  «  <0  x3  08*  «-*>  ‘  ^  >^!&J^33ek 
os  aaunisnoo  boa  ,  a,  isqaas  ,  .V  vd  baSaninc  >  al  bliss  ads 
■  anaqxa  ads  SB  BS.araona.sq  b  a  assa  do  io  aasaSisSSB  no  aSasSnaa" 


r  ’  .  «&  m  ,  r-  t  a  A'  ' 


aS97anoo  ari!  ct  bslS  si  si  sad  .  sBBq  b  s  :a  ds  Us  .  ' 

« I OV$I 

no  5  '  ,11  f.to  ■  to  3  aei.'ilW*  fli"  ”  '  *  i  3  ^  r  ’  ^ 

. 

,  t  v  -/<  o:»  'd j b':  •TOn^b"  o3  yft  f-tdfe  s/ft  as  *ri  -y  .ii' 

/  £  :  ,11  •  J  J  -  '' 


Visvi]*!^  B  1*  bWillB  8£rf  S*t»  *****  ^iVBrfsd  SO/OfiO  ariT 

oj  baiqobfi  naad  asd  iBfft  ^rjaxta  s>/ft  a 93 Eng i abb  *****  9  dBJ2 
.9Q.OHJ  3091*09  B  lo  vjiniu  bsioeqxs  aid  ssiwlxam 


35 

5.  Strategies  provide  an  indication  of  the  cognitive  processes  that 
are  operative  in  a  problem  solving  task  and  these  strategies  will 
provide  a  separation  of  the  groups  according  to  the  abilities  avail¬ 
able  to  them. 

6.  Female  subjects  mature  more  quickly  than  do  the  male  subjects; 
therefore,  sex  differences  in  any,  will  be  due  to  earlier  maturation. 

Assumptions 

1.  The  marginal  utility  of  a  correct  choice  is  the  same  for  all  the 
alternatives. 

2.  There  is  little,  if  any,  systematic  effect  upon  the  group  results 
from  the  utility  of  gambling,  since  the  utility  of  gambling  is 
positive  for  some  people  and  negative  for  others. 

3.  All  subjects  will  adopt  a  strategy  which  tends  to  maximize  the  total 
expected  utility  of  their  behavior  in  the  situation. 

4.  A  subject  will  derive  satisfaction  and/or  dissatisfaction  from  the 
outcome  of  each  trial. 

Hypotheses 

This  study  is  concerned  with  choice  behavior  of  three  age  groups 
under  three  different  conditions  of  a  probability  learning  task.  The 
first  condition  is  unstructured  and  the  sequence  of  events  is  random. 

The  second  condition  is  simply  structured  but  its  sequence  of  events  is 
a  single  pattern.  The  third  condition  is  a  complex  structure  of  multiple 
patterns  of  sequences  of  events. 
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The  purpose  of  this  study  is  to  explain  how  certain  strategies 
are  used  and  how  they  seem  to  be  associated  with  certain  stages  of 
cognitive  development. 

The  hypotheses  tested  were  based  on  the  theory  that  has  been 
discussed.  According  to  theory  all  subjects  should  try  to  maximize 
their  subjective  expected  utility  but  there  should  be  differences  in 
strategies  employed  between  the  three  age  groups:  4-6  years;  7-10  years 
and  adults.  In  Treatments  I,  II  and  III,  3-event  frequencies  were  pro¬ 
grammed  as:  (1)  randomized;  (2)  single  simple  pattern;  (3)  multiple 
patterns,  respectively.  The  three  treatments  vary  in  the  patterning  of 
events,  with  each  treatment  designed  to  distinguish  between  age  groups 
as  to  what  kind  of  strategies  are  used  and  why  these  strategies  are 
employed.  Maturation  should  be  an  apparent  factor  between  the  groups. 
All  treatments  are  to  be  under  the  condition  of  rewards,  for  which 
utility  is  assigned  by  the  subject  himself.  In  each  treatment  sex 
differences  will  be  considered. 

Under  Treatment  I  -  (Random) 

Ho.  1  (a)  The  4-6  year  age  group  will  behave  as  if  they  are  using  pure 
strategy;  the  adults  will  use  predominantly  pure  strategy; 
the  7-10  year  age  group  will  use  mixed  strategy. 

Ho.  1  (b)  The  order  of  reaching  the  asymptotic  level  will  be  the 

following:  first,  the  youngest  group;  second,  the  adult 

group;  and  third,  the  middle  group. 

Ho.  1  (c)  The  adult  group  and  the  females  in  the  4-6  year  age  group 
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will  preceed  the  males  in  reaching  the  asymptotic  level  of 
behavior  because  of  maturation. 

Under  Treatment  II  (Simple  Pattern) 

Ho.  2  (a)  The  4-6  year  age  group  will  not  respond  at  any  time  to 

patterns  but  behave  as  if  they  were  applying  "pure  strategy"; 
the  7-10  year  age  group  will  apply  mixed  strategy  -  they  will 
try  to  locate  the  response  patterns  but  will  not  be  able  to 
persist  in  them;  the  adult  group  will  locate  the  response 
pattern  and  will  continue  to  use  a  patterned  response  strategy. 

Ho.  2  (b)  In  the  reversal  shift,  after  140  trials  for  the  4  to  6  year 
age  group  and  200  trials  for  the  two  remaining  groups,  the 
4  to  6  year  age  group  will  take  longer  than  the  adult  group 
in  the  recovery  of  their  response  to  the  MFE  because  they  have 
"centrated"  on  it  and  have  become  conditioned  to  their  first 
response  pattern.  The  middle  group  will  continue  with  the 
mixed  strategy  as  before  the  shift. 

Ho.  2  (c)  Sex  differences  will  be  non-significant. 

Under  Treatment  III  (Multiple  Patterns) 

Ho.  3  (a)  The  4  to  6  year  age  group  will  behave  as  if  they  were  applying 
"pure"  strategy  with  the  result  that  they  will  persist  to 
choose  the  event  they  have  "centrated"  on  in  the  early  trials. 
The  adult  group  will  apply  "pure"  strategy  after  abandoning 
mixed  strategy.  The  7  to  10  year  age  group  will  vary 
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considerably  as  they  try  various  response  patterns,  result¬ 
ing  in  a  much  lower  number  of  correct  responses. 

Ho.  3  (b)  Sex  differences  will  be  statistically  significant  on  the 
10th  trial  block  (trials  181-200)  for  the  two  younger 
groups,  favoring  the  females  in  the  number  of  correct  res¬ 
ponses  made  because  of  earlier  maturation. 
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CHAPTER  V 


EXPERIMENTAL  DESIGN  AND  PROCEDURES 


The  Design 

This  investigation  was  designed  to  study  the  behavior  of 
three  age  groups  under  three  treatments,  over  a  series  of  blocks  of 
repeated  trials,  in  a  probability  learning  task.  The  number  of  sub¬ 
jects  of  each  sex  in  each  age  group,  and  in  each  treatment,  was 
equal.  The  assignment  of  subjects  to  treatment  was  random  at  the 
time  of  the  experiment.  Two  hundred  seventy  subjects  were  used  to 
give  an  N  of  15  in  each  of  18  possible  cells.  (See  Tables  I  and  II 
on  the  following  page.) 

There  were  four  independent  variables  under  investigation  in 
this  research: 

1.  Age  of  subjects:  four-to-six  years;  seven  to  ten  years; 
adults 

2.  Treatments:  random,  single  pattern,  multi-pattern 

3.  Sex  of  subjects 

4.  Trials:  four-to-six  year  age  group,  ten  blocks  of  twenty 
trials;  the  other  two  age  groups,  fifteen  blocks  of  twenty 
trials . 

These  variables  were  considered  in  various  p  x  q  x  r  factorial 
designs  where  r  was  the  number  of  trials  of  repeated  measures  in  each 
analysis . 
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AGE  GROUPS  AND  TREATMENTS 
(270  SUBJECTS) 


Groups 

Treatment  I 
(Random) 

Treatment  II 
(Simple  pattern 
w/reversal  shift) 

Treatment  III 
(Multi- pat tern) 

Male 

Female 

Male 

Female 

Male 

Female 

A 

Ai 

A1 

A2 

A2 

A3 

A3 

(4-6  years) 

(15) 

(15) 

(15) 

(15) 

(15) 

(15) 

B 

B1 

B1 

B2 

B2 

b3 

b3 

(7-11  years) 

(15) 

(15) 

(15) 

(15) 

(15) 

(15) 

C 

C1 

Cl 

c2 

c2 

c3 

C3 

(Adults) 

(15) 

(15) 

(15) 

(15) 

(15) 

(15) 

TABLE 

n's*  FOR  AGE  GROUPS 

II 

AND 

TREATMENTS 

El 

e2 

e3 

Treatment  I  (Random) 

Group  A  (4-6  years) 

.7 

.2 

.1 

Group  B  (7-11  years) 

.7 

.2 

.1 

Group  C  (Adults) 

.7 

.2 

.1 

Treatment  II  (Simple  Pattern) 

Group  A  (4-6  years) 

.7 

.2 

.1 

Group  B  (7-11  years) 

.7 

.2 

.1 

Group  C  (Adults) 

.7 

.2 

.1 

Treatment  III  (Multi-Pattern) 

Group  A  (4-6  years) 

.7 

.3 

.5 

Group  B  (7-11  years) 

.7 

.3 

.5 

Group  C  (Adults) 

.7 

.3 

.5 

*  =  Fixed  probabilities  of  occurrence  of  events. 

k 

r  i=l,  and,  greater  than  unity  for  Treatment  III, 

the  ni's 

are  not 

i=l  linearly  independent. 
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Treatment  I  (random)  provides  the  basis  for  studying  the  choice 
behavior  of  three  age  groups  in  a  probability  learning  task  whose 
sequence  of  events  are  not  patterned  (unstructured)  with  regard  to: 

(a)  the  kind  of  strategies  employed  (hypothesis  la) ;  (b)  the  possible 

effects  due  to  maturation  (hypotheses  lb) ;  (c)  and  the  possible 

effects  due  to  sex  (hypothesis  lc)  . 

Treatment  II  allows  the  study  of  choice  behavior  in  a  similar 
task  where  the  sequence  of  events  are  patterned  (structured) .  The 
patterned  sequence  of  events  provides  for  the  study  of  not  only  the 
strategies  used,  but  also  for  the  study  of  the  cognitive  ability  of 
the  various  age  groups  to  detect,  to  learn  and  to  use  a  patterned 
response  strategy.  The  effects  of  a  reversal  shift  on  the  choice 
behavior  in  the  three  age  groups  after  some  learning  and/or  condition¬ 
ing  has  taken  place  was  also  studied.  Conditioning  due  to  centration 
is  hypothesized  only  for  the  4-6  year  age  group.  Hypotheses  2(a),  (b) 
and  (c)  are  to  be  tested  in  this  context. 

Treatment  III  (multi-pattern)  is  a  patterned,  complex  proba¬ 
bility-learning  task.  It  provides  the  basis  for  the  investigation 
of  choice  behavior  when  competing  patterns  are  presented.  Here, 
hypotheses  3  (a)  and  (b)  are  tested. 

For  all  three  treatments  the  best  description  of  choice 
behavior  of  each  group  for  each  possible  event  for  each  trial  block 
is  the  response  mean.  Learning  or  response  curves  are  generated  by 
plotting  the  means  for  each  successive  trial  block.  Strategies  may 
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also  be  inferred  from  these  plotted  means. 

As  the  subjects  become  aware  that  one  event  is  more  frequent 
than  the  others,  and  that  there  is  some  sort  of  proportionate  rela¬ 
tionship  between  events,  their  choice  proportions,  P-^  (t)  ,  change  from 
block  to  block  until  they  settle  at  a  stable  state.  Thus  after,  say, 
100  trials  or  more,  subjects  may  settle  on  a  stable  pattern  of  choices; 
for  example,  choosing  the  left  light  on  p^  =  .75  (757.)  of  the  trials 
in  each  block,  the  middle  light  on  T>2  =  »15  ( 1 5%)  of  the  trials  in 
each  block  and  the  right  light  on  p^  =  .10  ( 10%)  of  the  trials  in  each 
block.  These  stable-state  choice  proportions  are  said  to  represent 
the  subjects'  observed  strategy. 

To  the  degree  that  the  mean  for  each  possible  event  within  a 
trial  block  matches  the  fixed  probability  of  those  events,  then  to 
that  degree  a  mixed  strategy  is  inferred.  If  the  means  do  not  match 
the  fixed  probabilities  and  the  subject  consistently  chooses  MFE ,  then 
pure  strategy  is  inferred.  Different  strategies  produce  different 
outcomes . 

To  estimate  the  point  at  which  the  asymptotic  level  had  been 
reached,  two  regression  lines  (the  second  having  a  slope  of  zero)  were 
fitted  to  the  plotted  means  of  the  response  curves  and  the  error  sums 
of  squares  per  point  noted.  When  the  slope  of  the  second  line  was 
zero  or  near  zero  the  point  of  intersection  of  these  two  regression 
lines  was  used  to  estimate  the  trial  when  the  stable  state  began. 

In  order  to  test  the  hypotheses  an  analysis  of  variance  was 
used  to  test  the  differences.  These  were  considered  significant  at 


.a0E..n  )3oiq  •  r.3  wwl  bwint  ad  oafs 


. 

•at.-i  ajenoMiwiwq  lo  sios  *  -  **  »  1sri '  bnB  *e,9f',°  ” 

o  :  narfo  ,(»)  il  .anoilioqo  <J  Mlwfc>  a  *  U  .einava  )  q  A*.  1 

y„  iJb  auriT  .:  193  a  aid-  *  *  »<•  1  I:  ,m  3,001  °'  3,001  d 

asoxcr  >  to  ntt:  t  tet  oldsja  £  no  a  13  .3  M*  "  *'  H™P  °  001 

I  13  30  <WV)  et.  -.  q  HO  1  !_  tl  lax  gniaoo  ..  Iu..«.:a  -r 

,r  9*)  30  (S?I)  I.  *si«<  "f;:il  9ti  blm  9ri3  ,3)ooId  doit 

v  ■  ..  -:t>  :  01)  -  ;  r.(  !dg±I  'ri;  >9,'  ■  >°xc  <’>- 

3n..ss,- qa,  03  biaa  916  ajjoiait  103':  i  .*«-*,• -£-.r  •'•■•  >'  .  if1 

/j  -  -•  .:  fc  vi  •>  :  aJr  yj 1  .■■&  ,J-f 

r;  ;•  .1  ava  9l<f  •  ioq  :ii  *o\  r  • 

;  n  :i  ,2  509V 9  *&od:  i  *j  •.  v  . -~q  x.ct  arb  >r  i  m  :  :>o;  d  !  ?i”r) 

" 

jnr*TS3i  o-;:?OTq  »9i;.  5bi  "•  3  *-  1:‘  ;  v 

,  :  tD3tfO 

f  f5d  birf  I3V9.  oiioiqitr^B  9;,  rloiow  .:•••  Wioq  si.  1 

■ 

a;  ,  *nil  bnoave  io  *./■  '  ;  >  .  •  notfl  .be  >  :  n  i/iioq  5  <q  *  ;pa  1c 
noi'.:89'i?9l  005  98  >fi-r  io  ,  •.!..•••  795)  io  inioq  riJ  050s  -c*.  v-  to 

f  d  35s5e.  9 f ctB 5 3  *.i5  i  1  Ij  15  :•  -  -  1  1  c  *  >w  vi  9ni  . 

20W  sonfii  1  i>'/  io  ax'isviBnP  fiB  3£;f  9fbocpfi  ai't  5ssj  oi  .i9oto  nl 

5-  jrtBoiiingis  bsisbianoo  si.w  939riT 


43 


the  .01  level. 

The  Sample 

To  obtain  a  sample  of  sufficient  number  in  each  age  group  it 
was  necessary  to  utilize  a  variety  of  sources.  Of  the  108  subjects 
in  the  four  to  six  year  age  group,  97  were  from  day  nurseries  or 
nursery  schools  in  Edmonton,  Alberta,  while  the  remaining  11  children 
were  from  the  Seventh- day  Adventist  camp  meeting  at  Lacombe,  Alberta. 
Of  the  103  subjects  of  the  seven  to  ten  year  age  group,  85  were  from 
the  Seventh-day  Adventist  camp  meeting  in  Lacombe,  and  18  were  from 
the  Edmonton  Community  League  playground.  The  adult  group  were  almost 
entirely  from  Edmonton.  Sixty-seven  were  University  of  Alberta  summer 
school  students,  27  were  Royal  Alexandra  Hospital  School  of  Nursing 
students,  and  S  were  from  either  Edmonton  or  Lacombe,  Alberta.  A  more 
complete  analysis  of  the  sample  may  be  found  in  the  appendices  (see 
Appendix  A,  page  121). 

The  mean  age  for  the  four  to  six  year  age  group  was  5.0  years; 
the  mean  age  for  the  seven  to  ten  year  age  group  was  8.5  years  and 
their  mean  attendance  at  school  was  3.5  years.  The  adult  group  had  a 
mean  age  of  23.0  years  and  a  mean  attendance  at  school  of  14.66  years. 

The  assignment  of  subjects  to  either  of  the  three  treatments 
was  random,  as  they  appeared  for  their  appointments. 

In  preparing  the  final  sample  for  statistical  analysis,  the 
groups  were  equated  for  number  in  each  cell  as  well  as  for  sex.  This 
necessitated  the  deletion  of  some  subjects  by  using  a  table  of  random 
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numbers . 

The  Task 

In  this  experiment  a  three-event  situation  was  used.  The 
choice  point  was  indicated  by  the  signal  light,  which  came  on,  signify¬ 
ing  to  the  subject  that  he  should  make  a  prediction.  A  trial  was 
initiated  by  the  illumination  of  the  signal  lights  and  included  the 
subject's  prediction,  which  was  indicated  by  his  pressing  the  black 
button  on  the  base  of  the  panel  which  corresponded  to  the  event  light 
which  he  was  predicting.  Within  a  few  seconds,  illumination  of  one  of  . 
the  event  lights  indicated  the  correct  response  to  the  subject. 

A  large  number  of  such  trials  succeeded  one  another  in  a  series. 
Ten  blocks  of  twenty  trials  each  succeeded  one  another  in  the  series 
for  the  four-to-six  year  age  group  and  fifteen  blocks  of  twenty  trials 
were  used  for  the  other  two  age  groups. 

In  all  three  treatments  the  task  was  the  same  in  the  sense  that 
the  subject  was  seated  at  the  work  station  (see  Figure  1,  page45  )  and 
asked  to  try  to  predict  which  of  the  three  possible  events  would  occur 
in  each  trial.  Event  one  (E-^)  was  on  the  left  (L)  ,  event  two  (E2)  was 
in  the  middle  (M) ,  and  event  three  (E3)  was  on  the  right  (R)  of  the 
work  panel.  The  sequencing  of  events  differed  for  each  treatment. 

Each  work  station  (Figure  1)  had  three  signal  lights  (amber)  at  the 
top,  three  event  lights  (red)  on  the  slanting  face  of  the  panel,  and 
three  black  buttons  at  the  base  of  the' panel. 
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FIGURE  1 

WORK  STATION  SHOWING  THE  WORK  PANEL  AND  TOKENS 

Equipment 

In  order  to  standardize  the  experimental  situation,  it  was 
desirable  to  design  an  apparatus  that  was  completely  automatic  in 
operation  and  recording.  Equally  important  was  flexibility  to  allow 
rapid  change  of  event  probabilities.  That  is,  the  most  frequent  event 
and  the  least  frequent  event  could  be  interchanged  without  necessi¬ 
tating  a  disruption  in  the  procedure  within  a  series  of  trials. 
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An  apparatus  was  developed  which  served  the  following  functions: 
(1)  maintenance  of  a  fixed  timing  cycle  for  all  events;  (2)  illumina¬ 
tion  of  pre-trial  signal  lights;  (3)  recording  the  first  ternary 
response  input  with  the  exclusion  of  any  further  responses;  (4)  illumina¬ 
tion  of  the  appropriate  event  light  for  each  subject  as  predetermined 
by  the  probability  and/or  pattern  of  the  treatment;  (5)  graphic  recording 
of  all  responses,  programmed  events,  and  scoring  on  a  constant  time  base. 
Care  was  taken  to  make  the  equipment  completely  portable  and  easy  to 
assemble  and  dismantle. 

Every  trial  cycle  for  the  four-to-six  year  age  group  lasted  8.5 
seconds,  beginning  with  a  3.5  second  illumination  of  the  signal  lights. 

A  1.5  second  interval  followed,  after  which  the  appropriate  correct 
event  light  was  illuminated  for  two  seconds.  The  inter- trial  interval 
then  followed,  lasting  1.5  seconds.  For  the  other  two  age  groups  the 
complete  cycle  lasted  6.5  seconds,  beginning  with  3.0  second  signal 
lights.  A  0.5  second  interval  followed,  after  which  the  event  lights 
were  illuminated  for  2  seconds.  The  inter- trial  interval  then  followed, 
lasting  1.0  second. 

Components 

A  Stoelting  five-channel  programmer  was  used  to  provide  not 
only  proper  cycle  timing,  but  also  the  programming  of  each  treatment 
on  a  program  film  tape.  An  Ester line-Angus  20-pen  recorder  from  the 
Department  of  Psychology  at  the  University  of  Alberta  provided  a  con¬ 
tinuous  record  of  the  subject's  responses  as  well  as  the  programmed 
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correct  event  for  each  light  at  each  of  the  three  work  panels.  The 
three  work  panels  were  built  to  the  investigator's  specifications  by 
Canadian  Electronics,  Ltd.  The  schematic  and  wiring  diagram  are  in 
Appendix  D,  page  147.  The  apparatus  as  it  was  set  up  is  illustrated  in 
Figure  2,  this  page,  and  in  Figure  1,  page  45. 


FIGURE  2 

A  -  ESTERLINE  ANGUS  20 -PEN  RECORDER 


B  -  STOELTING  FIVE -CHANNEL  PROGRAMMER 
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The  functional  relationship  of  the  components  is  shown  in 
Figure  3,  page  49.  The  schematics  and  technical  description  of  this 
equipment  are  presented  in  Appendix  D. 

Since  fifteen  subjects  were  needed  in  each  cell  of  the  experi¬ 
mental  design,  it  was  desirable  to  run  several  subjects  at  a  time.  To 
do  this,  three  identical  work  stations  were  used.  Subjects  were  seated 
at  three  locations  of  a  table.  Each  work  position  was  on  one  side  of 
the  table  and  was  at  least  four  feet  wide  and  separated  from  the  other 
work  stations  by  a  partition,  24  inches  high.  The  five-channel  program¬ 
mer  and  the  20-pen  recorder  were,  located  inconspicuously  at  the  far  end 
of  the  table  out  of  sight  of  the  subject.  At  each  work  station  there 
was  the  grey  work  panel  with  three  signal  lights  on  top,  three  event 
lights  on  the  slanted  portion  of  the  panel,  and  three  black  buttons  on 
the  lower  response  panel  (see  Figure  1) . 

Program  Films 

The  transparent  program  film  was  prepared  during  the  pilot  study 
trials  and  adjusted  for  proper  time  intervals  only  when  necessary  to 
assure  optimum  programming  of  each  treatment.  Each  film  band  had  five 
tracks  on  it.  The  first  track  was  used  to  control  illumination  of  the 
signal  lights;  the  next  three  tracks  were  used  to  program  the  three 
correct  event  lights  (the  left  light  by  track  2,  the  middle  light  by 
track  3,  and  the  right  light  by  track  4).  Track  5  was  programmed  to 
deflect  the  recorder  pen  every  20  trials  to  indicate  the  beginning  and 
the  end  of  each  trial  block  of  20  trials.  Variations  in  the  length  and 
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the  track  on  which  opaque  tape  was  placed  on  the  program  film  made  pos¬ 
sible  the  timing  and  programming  of  events  as  required  by  the  experi¬ 
mental  design.  There  were  two  sets  of  three  programmed  film  strips; 
one  set  for  the  four-to-six  year  age  group  and  one  set  for  the  other 
two  age  groups. 

Pilot  Study 

The  pilot  study,  using  eighteen  subjects  of  various  ages, 
provided  information  which  was  important  for  a  smooth-running  experi¬ 
ment,  Information  from  the  pilot  study  was  the  basis  for  the  8.5  second 
trial  time  for  the  four-to-six  year  age  group  as  compared  to  the  6,5 
second  trial  time  for  the  other  two  age  groups. 

In  addition  to  knowledge  of  results,  a  token  reward  system  was 
devised  to  insure  optimum  motivation.  Each  subject  was  to  receive  a 
red  plastic  token  for  each  correct  prediction,  and  a  prize  was  given 
to  each  subject  at  the  end  of  each  experimental  session.  It  was  hoped 
that  the  subject  would  thus  assign  his  own  value  to  the  tokens  and  the 
reward,  since  the  reward  was  not  specified.  It  soon  became  evident 
that  the  four-to-six  year  age  group  had  difficulty  in  assigning  a  value 
to  the  token.  Hence,  a  small  incentive  such  as  a  piece  of  bubble  gum, 
marble,  etc.  was  given  during  the  trials  for  every  10  tokens  received. 
This  seemed  to  be  sufficient  incentive  for  most  of  them  to  respond  for 
the  complete  200  trials. 

Siegel's  suggestion  that  300  trials  were  needed  for  subjects 
to  reach  an  asymptotic  level  of  performance  was  checked  and  confirmed 
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for  the  two  older  age  groups.  However,  the  number  of  trials  was 
reduced  to  200  trials  for  the  four- to- six  year  age  group,  since  they 
became  fatigued  after  that  point. 

The  pilot  study  also  provided  a  basis  for  phrasing  of  instruc¬ 
tions,  a  trial  of  programmed  film  tapes,  preparation  of  a  post- 
experimental  questionnaire,  and  mechanical  organization  of  the  whole 
experiment. 

Treatments 

Treatment  I  -  According  to  a  predetermined  random  series,  the 
left  event  came  on  70  per  cent  of  the  trials  while  the  middle  and  right 
events  came  on  20  and  10  per  cent  of  the  trials,  respectively. 

Treatment  II  -  A  simple  pattern  was  designed  whereby  the  events 
came  on  in  the  same  proportion  as  in  the  random  series,  but  the  sequence 
followed  a  definite  pattern,  repeated  every  ten  trials.  After  140 
trials  for  the  four-to-six  year  age  group  and  after  200  trials  for  the 
other  two  age  groups  the  pattern  was  reversed  (reversal  shift).  That 
is,  the  right  event  now  became  the  most  frequent  event,  the  middle 
event  remained  the  same,  and  the  left  event  became  the  least  frequent 
event. 

Treatment  III  -  In  this  condition  there  were  four  simultaneously 
programmed  perfect  patterns  with  the  left  event  coming  on  70  per  cent 
of  the  trials,  the  middle  event  30  per  cent  of  the  trials,  and  the 
right  event  50  per  cent  of  the  trials.  The  sum  of  the  event  probabi¬ 
lities  was  greater  than  unity  and  therefore  there  were  trials  when  one 


aew  ai*.«  io  rt<fw«  oris  ,19’  oH  . aquoxg  n>  ”kl<»  owi  »''*  "°  ' 

. inioq  36/il  'loll*  b^agi*-  sm&oa  .' 

,Xoriw  ,dJ  io  oollMto-no  Janie  rfoM  ta»  ,,iian«oi  naop  ainsmixsqxs 

.icsmliaqxa 

ejjfIL-r  .,  .GSJ.X 

r:J  ,a»ll9?  (rofanfc ■:  a<*  .9J9b’  xq  •  01  SBifcloooA  •  1  IP  '"■»  ' 

/lev'  I39qs9"  ,«t  XJ  -ril  lo  :  op  xaq  01  ' «  <>'-  «°  "»»  a3,,9vs 

Wi  •  ,5A  .ala ill  991  ’{uvs  b*  wqax  .msiitq  Mia:)*  3  ^  i 

,  ,  „  ■  JOS  rolia  0.  it  .<*  o-’."  -  l:;4  33  'cnl  '  Ui 

larfT  .  (lllda  JaMWt^  InewMl  MW  ■  '*•  '<  910  •  ‘  '  ‘  C“  J 

S:!l  ,  ■  if  ■■>,  10.  :•  .  m  i.--  .90  woo  »  a  ;  i";  6/3  <ei 

,,  j  od:  «u.„,d  1A9VP  .  .  ■’  f’OB  .M»e  s  '.  bs:u'  •* 


yta./osna::  .  »xa  mol  si  .  J«rfl  noli  on  .0  I  -  '  • 

. a;q  3.  ••>  a  3  lo  uua  arfT  .eXUx:  ”  1  o  3  1  ‘l  :1,',-‘,v9 


Tri 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


TABLE  III 


52 


SEQUENCES  OF  TRIALS 
IN  EACH  OF  THE  THREE  TREATMENTS 
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Treatment  II 
(Simple  Pattern) 
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(Multi-Pattern) 
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or  two  events  occurred.  The  sequencing  of  events  for  each  of  these 
treatments  is  shown  in  Table  III,  page  52. 

Procedure 

Since  the  apparatus  required  only  a  slight  modification  to 
interchange  the  program  film  tape  for  each  treatment,  the  procedure 
employed  in  all  three  treatments  for  each  age  group  was  essentially  the 
same . 

The  subjects  were  each  seated  at  one  of  the  three  work  stations 
(see  Figure  4,  page  54).  There  was  an  attendant  at  each  station  who 
assisted  in  the  orientation  by  pointing  out  the  various  parts  of  the 
work  panel  as  the  instructions  were  read.  The  subject  was  instructed 
that  one  or  more  of  the  event  lights  would  illuminate  on  each  trial  after 
a  signal  and  that  his  task  was  to  predict  in  advance  which  of  the  event 
lights  would  be  illuminated.  He  was  instructed  to  do  his  best  in  making 
these  predictions. 

Subjects  were  asked  to  predict  which  event  would  occur  next, 
and  for  every  correct  prediction  of  any  of  the  three  events,  a  red 
plastic  token  was  given  in  addition  to  the  immediate  visual  reinforce¬ 
ment,  confirming  or  disconf irming  the  prediction.  Subjects  were  given 
ten  tokens  with  which  to  begin  the  experimental  task.  The  attendant 
at  each  work  station  kept  before  him  a  large  number  of  red  and  green 
tokens.  Whenever  possible  each  attendant  sat  at  right  angles  to  the 
subject  and  cared  for  the  receipt  or  loss  of  the  tokens.  The  attendant 
either  slid  a  token  to  the  subject  to  form  rows  of  ten  tokens  or  took 
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SUBJECT  AND  ATTENDANT  AT  ONE  OF  THE  THREE  WORK  STATIONS 
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a  token  away  depending  upon  his  prediction  after  each  trial.  If  all 
of  the  red  tokens  were  lost  because  of  incorrect  predictions,  the 
subject  was  given  green  tokens  which  represented  tokens  "to  be  paid 
back." 

It  was  found  that  the  youngest  group  could  not  tolerate  the 
loss  of  tokens;  they  responded  to  the  loss  by  crying  and  attempting  to 
escape  the  scene.  Therefore,  only  a  reward  for  correct  prediction  was 
used  for  them.  It  was  the  intent  of  the  experimenter  that  each  subject 
assign  his  own  value  to  the  tokens  which  he  was  given  for  correct 
predictions . 


Instructions 


The  instructions  given  to  the  four-to-six  year  age  group  differed 
somewhat  from  those  given  to  the  other  two  age  groups  and  therefore  will 
be  considered  separately. 

Before  testing,  four-to-six  year  old  subjects  were  given  a 
small  plastic  boat  by  the  experimenter;  they  placed  this  boat  beside 
their  work  panel.  They  were  then  asked  if  they  liked  bubble  gum  and 
told  that  if  they  guessed  correctly  they  could  receive  bubble  gum 
sufficient  to  fill  the  boat.  Each  attendant  then  gave  the  following 
instructions : 

We  are  going  to  play  a  game.  Do  you  like  to  play  games? 

Well,  in  this  game  you  are  asked  to  guess  which  one  of 
these  red  lights  (point  out)  will  come  on  after  the  top 
yellow  lights  (point  out)  come  on.  Shortly  after  the 
yellow  lights  (point  out)  come  on,  either  the  left,  the 
center,  or  the  right  red  light  (point  out  each  one)  will 
come  on.  (For  Treatment  III  only:  "Sometimes  more  than 
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one  light  will  come  on.") .  It  is  very  important  that 
you  make  your  guess  as  soon  as  possible  after  the  top 
yellow  lights  (point  out)  come  on  and  while  they  are 
still  on  (read  slowly  and  emphasize  the  italics).  In 
any  case,  make  your  guess  as  soon  as  you  can. 

Do  you  see  these  three  black  buttons?  (Point  out) 

Well,  if  you  think  that  the  left  red  light  will  come 
on  (point  out) ,  then  press  the  left  button  (point  out) 
immediately  below  it.  If  you  think  that  the  center 
red  light  (point  out)  will  come  on,  press  the  center 
button  (point  out) .  If  you  think  that  the  right  red 
light  (point  out)  will  come  on,  press  the  right  button 
(point  out) .  If  you  think  that  the  center  red  light 
(point  out)  will  come  on,  which  button  would  you 
press?  (Check  to  see  that  the  child  is  correct,  if 
not  repeat  the  previous  paragraph  again,  making  sure 
that  each  child  understands  what  to  do.) 

Now  every  time  you  guess  correctly  which  red  light 
comes  on,  you  will  receive  a  red  token  (point  out). 

When  you  have  ten  red  tokens  you  will  receive  a  bubble 
gum  or  a  small  prize  (show  a  bubble  gum) .  If  you  do 
not  guess  correctly,  you  do  not  get  a  red  token.  (For 
Treatment  III  only:  If  more  than  one  light  comes  on, 
you  are  given  a  red  token  as  long  as  the  light  for  the 
button  you  pressed  comes  on.) 

Now  let's  try  to  fill  this  boat  with  bubble  gum. 

Whatever  you  get  in  this  game  you  may  keep  and  take 
home  with  you.  (Pause)  All  right.  Now,  do  your  best 
to  guess  correctly  every  time  while  the  yellow  lights 
are  on. 

(Announce  to  all  three  subjects)  Do  all  of  you  under¬ 
stand  the  game?  Let's  practice  a  few  times  to  make 
sure  you  do  know  how.  Ready?  (Pause)  Let's  go. 

Care  was  taken  to  make  sure  that  all  the  children  understood 

what  was  to  be  done. 

Before  testing  the  older  two  age  groups,  the  following  instruc¬ 
tions  were  read: 

Your  task  in  this  experiment  is  to  try  to  predict  cor¬ 
rectly  which  of  these  three  lights  (point  out)  will 
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come  on  following  the  onset  of  the  three  signal  lights,  the 
top  amber  lights  (point  out).  Three  seconds  after  the  amber 
lights  come  on,  either  the  left,  center,  or  right  light  will 
come  on.  (For  Treatment  III  only  --On  some  occasions  any 
two  of  the  three  lights  will  come  on.)  It  is  very  important 
that  you  make  your  predictions  as  soon  as  possible  after  the 
amber  signal  lights  first  come  on  and  while  they  are  still 
on.  In  any  case,  you  must  make  your  prediction  in  less  than 
three  seconds. 

On  the  table  before  you  there  is  a  work  panel  with  three 
buttons  on  the  lower  level.  If  your  prediction  is  that  the 
left  light  will  come  on,  press  the  left  button  with  your  left 
hand.  If  your  prediction  is  that  the  middle  light  will  come 
on,  press  the  middle  button  with  either  hand.  However,  if 
your  prediction  is  that  the  right  light  will  come  on,  press 
the  right  button  with  your  right  hand. 

Now  every  time  you  predict  any  of  the  red  lights,  you  will 
receive  a  red  token;  every  time  you  predict  incorrectly  you 
will  lose  one.  (Point  to  tokens.)  (For  Treatment  III  only-- 
"If  two  lights  come  on,  you  will  be  credited  with  a  correct 
prediction  regardless  of  which  one  of  the  two  lights  you 
predicted  and  you  will  be  given  a  red  token.") 

We  will  start  you  off  with  ten  tokens.  Now,  if  you  do  not 
predict  carefully,  you  could  end  the  session  with  green  tokens 
which  indicate  your  loss.  However,  if  you  predict  carefully, 
you  could  end  the  session  with  a  considerable  number  of  tokens. 
The  more  tokens  you  receive,  the  better  you  will  like  your 
reward.  Do  your  best  to  predict  correctly  which  light  will 
come  on  for  every  trial. 

Do  you  have  any  questions  as  to  what  you  are  to  do?  (Pause) 
Let's  run  through  some  practice  trials.  This  will  allow  you 
to  note  the  timing  of  the  trials. 


Post-Experiment  Questionnaire 

This  questionnaire  was  presented  in  the  form  of  a  structured  inter 
view  with  the  attendant  recording  the  answers  given  by  the  two  younger 
groups.  The  adult  group  completed  the  questionnaire  on  their  own. 

The  questionnaire  was  designed  to  provide  information  about  the 
subject's  perceptions  of  certain  aspects  of  the  experiment.  It  was 
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felt  that  some  of  this  information  might  be  useful  in  evaluating  the 
outcome  of  the  experiment  and  in  designing  further  experiments.  (For 
a  sample  of  the  questionnaire,  see  Exhibit  1,  Appendix  A,  page  122. 

At  the  conclusion  of  the  session  the  subjects  in  the  4  to  6 
year  age  group  were  given  a  paper  bag  in  which  to  put  their  gifts. 

The  7  to  10  year  age  group  were  asked  to  choose  a  prize  from  a  nearby 
table  where  a  number  of  25  to  30  cent  items  were  displayed.  The  adult 
group  were  given  a  choice  of  a  lead  pencil  or  a  ball  point  pen  with  a 
retail  value  of  45  cents. 

Each  session  for  the  two  older  groups  ended  by  reading  the 

following  cautionary  instructions: 

This  experiment  will  be  conducted  for  another  two  weeks. 

You  are  asked  not  to  discuss  details  of  what  you  did 
here  today  with  anyone  until  after  this  time.  If  per¬ 
sons  such  as  yourself  discuss  such  matters,  it  will 
bias  our  data  and  invalidate  the  research  at  consider¬ 
able  cost  of  time,  effort  and  money. 

Recording  of  Raw  Data 

Two  types  of  information  were  obtained  from  the  20-pen  recorder 
roll  charts:  the  total  number  of  responses  to  each  event  in  each  block 
of  twenty  trials,  and  the  number  of  correct  responses  to  each  event  in 
each  block  of  twenty  trials.  The  number  of  responses  to  the  most 
frequent  event  was  extracted  from  this  information.  The  total  number 
of  responses  which  each  subject  made  to  each  of  the  three  events  was 
counted  first  and  recorded  on  a  special  form  provided  for  this  purpose 
(Appendix  A,  Exhibit  2,  page  123).  Next,  the  number  of  correct  responses 
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to  each  of  the  events  was  counted  and  recorded.  From  these  data  was 
generated  the  total  number  of  responses  to  the  most  frequent  event  in 
each  treatment  and  the  total  number  of  correct  responses  for  each 
trial  block  in  each  treatment. 

The  data  recorded  on  the  special  form  were  transferred  to  IBM 
computer  cards  in  two  sets  of  two  cards  each  for  each  individual 
(Appendix  A,  Exhibit  3,  page  124).  Cards  numbered  1  and  2  are  "set  I" 
and  cards  numbered  3  and  4  are  "set  II".  Each  card  of  each  set  was 
coded  with  9  digits  as  follows:  Treatment  -  1,  2,  or  3;  sex  -  0  (female) 
or  1  (male) ;  age  group  -  1  (4  to  6  years) ,  2  (7  to  10  years) ,  or  3  (adult) 
actual  age  of  the  individual  (2  digits) ;  individual  identification  num¬ 
ber  (3  digits);  and  card  number  -  1,  2,  3  or  4. 

Set  I  had  responses  to  events  one  and  two  (E^  and  E2)  for  each 
trial  block  recorded  on  the  first  card  and  responses  to  event  three  (E3) 
for  each  trial  block  recorded  on  the  second  card.  Set  II  had  the  total 
correct  responses  to  E^  and  E2  for  each  trial  block  recorded  on  card 
three  and  the  total  number  of  correct  responses  for  E3  for  each  trial 
block  recorded  on  card  four.  All  numbers  recorded  were  for  the  number 
of  responses  within  a  block  of  twenty  trials. 
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CHAPTER  VI 


ANALYSIS  OF  RESULTS  AND  DISCUSSION 

Methods  of  Analysis 

The  raw  data  of  individual  distributions  of  responses  for  each 
event  for  each  trial  block  are  presented  in  Tables  El  to  E18  of 
Appendix  E.  Also,  the  distribution  of  total  correct  responses  for 
each  individual  for  all  the  events  are  presented  in  Tables  E19  to  E36 
of  Appendix  E. 

The  data  were  analyzed  by  means  of  the  IBM  7040  Computer  of 
the  University  of  Alberta.  From  the  data  the  means  of  the  responses 
per  trial  block  for  the  most  frequent  events  (MFE)  and  the  means  of 
the  total  correct  responses  (CR)  for  all  events  for  the  groups  as  well 
as  for  the  treatments  were  plotted  (see  Appendix  B) .  After  visual 
comparisons  of  these  response  curves,  analyses  of  variance  were  made 
using  a  procedure  described  by  Winer  (1962,  pp.  337-344). 

Two  sets  of  analyses  of  variances  were  carried  out.  In  one 
set  the  dependent  variable  was  the  most  frequent  event  (MFE).  In  the 
other  set  the  correct  response  (CR)  was  the  dependent  variable.  The 
various  analyses  of  variance  performed  are  summarized  and  presented  in 
Table  VIII,  Appendix  C. 

In  order  to  get  an  appropriate  error  term  (MSerror)  for  the 
main  effects  in  the  analysis  of  variance,  it  was  necessary  to  partition 
the  total  variance  into  two  parts,  namely,  between  subjects  and  within 
subjects.  This  partitioning  provided  the  required  MSerror 
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for  the  repeated  measures  effect.  Because  the  hypotheses  are  not 
directly  concerned  with  the  repeated  measures  effect  or  its  inter¬ 
actions,  and  because  of  the  nature  of  the  task,  the  F  ratios  and  the 
p  levels  for  the  repeated  measures  effects  are  not  reported.  For 
example,  one  would  expect  to  find  trial  effects  significant,  especially 
during  the  early  pre-asymptotic  trials.  It  would  be  unreasonable  to 
assume  that  a  subject  begins  a  series  of  trials  in  a  particular  way  and 
then  persists  in  it  for  the  remaining  trials  without  gaining  some 
information  from  the  results  of  the  earlier  trials.  In  addition, 
because  of  the  discontinuous  nature  of  the  curves,  interactions  of  main 
effects  are  expected  to  be  significant  as  well. 

In  terms  of  the  task,  the  MFE  curves  (eg.  Figure  5,  p.  67)  pro¬ 
vided  information  for  making  inferences  about  the  strategies  that  were 
used,  whereas  the  CR  curves  (eg.  Figure  6)  not  only  provided  the  number 
of  correct  responses  realized  but  also  provided  additional  information 
necessary  for  distinguishing  between  matching  strategy  and  patterned 
response  strategy.  To  illustrate,  the  following  series  of  trials 
(patterned)  are  given: 

Events 

Trial  L  M  R 

(p=.6Q)  (p= . 20)  (p= . 20) 

1 .  * 

2.  * 

3.  * 

4.  * 

5 .  -  -  * 

*  indicates  the  correct  event 
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If  a  subject  used  pure  strategy  the  MFE  curve  would  indicate  that  he 
chose  the  Levent  consistently  (eg.  LLLLL)  but  the  CR  curve  would  indi¬ 
cate  that  only  60%  of  his  predictions  were  correct.  If  he  used  matching 
strategy  (eg.  RMLLL  or  LMLLR,  etc.)  or  a  patterned  response  strategy 
(eg.  LLLMR)  it  would  be  impossible  to  distinguish  with  certainty  from 
the  MFE  curve  which  strategy  was  used.  In  both  instances  the  MFE  curve 
would  be  the  same  and  would  indicate  that  MFE  was  predicted  607>  of  the 
time.  However,  the  CR  curve  would  provide  the  information  necessary  for 
distinguishing  between  the  two  strategies.  If  the  subject  used  matching 
strategy  his  CR  curve  would  indicate  that  he  realized  60%  of  correct 
responses  possible  whereas,  if  he  used  patterned  strategy,  his  CR  curve 
would  indicate  that  he  realized  100%  success  in  correct  responses. 

Three  methods  were  employed  in  arriving  at  the  asymptotic  level 
of  MFE  choice  behavior  in  Treatment  I.  Of  these,  the  first  two  methods 
were  unsatisfactory;  that  is,  the  polynomial  fit  using  least  squares 
method  and  the  fitting  of  two  regression  lines  by  the  least  squares 
method  without  any  restriction.  The  inadequacies  of  the  first  two 
methods  will  be  discussed  later  under  Treatment  I.  The  third  method, 
the  one  used,  utilized  the  least  squares  method  but  stipulated  that  the 
second  regression  line  must  be  parallel  to  the  abscissa. 

The  recovery  curves  of  MFE  and  CR  in  Treatment  II  were  analyzed 
visually.  The  number  of  trials  required  by  each  group  to  make  the 
recovery  to  the  previous  level  of  predicting  the  MFE  after  a  reversal 
shift  was  the  criterion  for  this  analysis.  This  is  presented  graphically 
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in  Figure  9,  page  82. 

A  summary  of  subjects'  responses  to  the  post-experiment  ques¬ 
tionnaire  is  presented  in  Table  XXI,  Appendix  A,  pp.  125  -  128. 

A  more  detailed  analysis  of  results  will  now  be.  presented. 

Results :  Treatment  I 

Treatment  I  (random)  was  used  exclusively  to  investigate  the 
choice  behavior  of  three  age  groups  in  terms  of  the  strategies  they 
used,  the  resulting  correct  responses,  and  the  order  in  which  each  age 
group  reached  an  asymptotic  level  of  responding.  Sex  differences  were 
also  investigated.  Although  the  results  were  not  entirely  conclusive, 
they  did  in  most  cases  support  the  hypotheses. 

Strategies:  It  was  hypothesized  that  the  4-6  age  group  would 

behave  as  if  they  were  using  pure  strategy,  that  the  adults  would  use 
pure  strategy,  whereas  the  7-10  age  group  would  use  some  form  of  mixed 
strategy.  The  terms  mixed  strategy  and  matching  strategy  are  synonymous. 

In  order  to  do  an  analysis  of  variance  for  all  three  age  groups, 
it  was  necessary  to  consider  only  the  first  10  blocks  of  trials,  since 
the  4-6  year  age  group  was  limited  to  a  total  of  10  blocks  of  trials. 

The  analysis  of  responses  to  the  MFE  indicated  no  significant  statisti¬ 
cal  differences  due  to  the  main  effect  among  the  three  age  groups 
(F  =  2.52,  df  2/84,  p  <  .08).  The  analysis  is  presented  in  Table  IV. 

However,  by  breaking  up  the  series  of  10  trial  blocks  into  two 
groups  of  5  blocks  each,  the  first  5  blocks  were  considered  to  be 
learning  blocks  where  all  the  groups  were  approaching  the  asymptotic 
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TABLE  IV 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  FIRST  TEN  TRIAL  BLOCKS 
UNDER  TREATMENT  I  (RANDOM) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

9,470.29 

89 

Age 

531.38 

2 

265.69 

2.52 

0.08 

Sex 

44.00 

1 

44.00 

0.42 

0.52 

Age  x  Sex 

50.94 

2 

25.47 

0.24 

0.79 

Subject  W  Group 

8,843.97 

84 

105.29 

Within  Subject 

10,862.70 

810 

Trials 

4,608.96 

9 

512.10 

Age  x  Trials 

697.35 

18 

38.74 

Sex  x  Trials 

204.52 

9 

22.72 

Age  x  Sex  x  Trials 

101.84 

18 

5 . 66 

Trials  x  Subj.  w.  G. 

5,250.03 

756 

6.94 
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TABLE  V 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  SECOND  FIVE  TRIAL  BLOCKS 
UNDER  TREATMENT  I  (RANDOM) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subiects 

4,559.69 

89 

Age 

333.50 

2 

166.75 

3.45 

0.04 

Sex 

158.42 

1 

158.42 

3.28 

0.07 

Age  x  Sex 

9.37 

2 

4.69 

.10 

0.91 

Subject  w.  Group 

4,058.40 

84 

48.31 

Within  Subject 

1,430.80 

360 

Trials 

88.86 

4 

22.21 

Age  x  Trials 

118.04 

8 

14.75 

Sex  x  Trials 

7.70 

4 

1.93 

Age  x  Sex  x  Trials 

18.07 

8 

2.26 

Trials  x  Subj.  w.  G. 

1,198.13 

336 

3.57 
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level,  whereas  the  remaining  five  blocks  were  considered  to  be  indica¬ 
tive  of  the  response  strategy  employed  after  reaching  the  approximate 
asymptotic  level.  The  decision  to  divide  the  trial  block  into  two 
groups  of  five  resulted  from  a  consideration  of  two  sources  of  infor¬ 
mation.  The  first  consideration  was  the  visual  inspection  of  MFE 
response  curves  which  indicated  a  breaking  point  between  trial  blocks 
five  and  six  (see  Figure  5,  page  67  )  while  the  second  came  from  an 
analysis  of  estimated  trial  blocks  of  asymptotic  MFE  response  levels 
found  in  Table  VII,  page  74.  This  division  of  trial  blocks  was  made 
for  this  analysis  only. 

With  the  division  made,  the  analysis  of  responses  of  the  last  5 
blocks  (6  through  10)  showed  a  significant  statistical  difference  for 
MFE  (F  =  3.45,  df  2/84,  p <  .036).  A  complete  summary  of  the  analysis 
of  MFE  responses  of  trial  blocks  6  through  10  is  found  in  Table  V,  on 
the  previous  page.  Visual  inspection  of  trial  blocks  7,  8,  9  and  10 
(see  Figure  5)  also  indicates  a  tendency  for  the  4-6  year  age  group  and 
the  adult  group  to  behave  in  a  very  similar  manner  in  their  choice 
behavior,  both  differing  markedly  from  the  7-10  year  age  group. 

This  inspection  was  confirmed  by  a  means  test  which  indicated 
no  statistical  difference  between  the  4-6  year  age  group  and  the  adults 
(means  *tr  test  p  5:  .25)  but  a  significant  difference  between  the  7  to  10 
year  age  group  and  the  two  remaining  groups  (p<  .01  and  .10>p:>  .05). 
The  less  significant  difference  for  the  youngest  group  undoubtedly  would 
have  been  highly  significant  had  they  arrived  earlier  at  their  asymptotic 
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FIGURE  5 

RESPONSE  CURVES  FOR  THE  THREE  AGE  GROUPS  (M&F)  UNDER  TREATMENT  I 
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FIGURE  6 

CR  CURVES  FOR  THE  THREE  AGE  GROUPS  (M&F)  UNDER  TREATMENT  I 


(Adu Its) 


(7-10) 


69 

MFE  response  level.  This  in  no  way  detracts  from  the  hypotheses  la. 

Further  inspection  of  trial  blocks  11  through  15  for  the  two 
older  groups  also  indicates  a  continued  difference  in  response  behavior. 
The  stabilization  of  this  difference  is  even  more  evident  when  a  visual 
inspection  is  made  of  the  CR  for  these  two  age  groups  (see  Figure  6) . 

There  were  no  significant  differences  due  to  sex  or  an  inter¬ 
action  of  age  and  sex.  However  the  MFE  response  curves  did  show  that 
the  7-10  year  age  group  persisted  longer  in  the  use  of  mixed  strategy 
as  a  group  than  did  the  other  two  groups.  At  the  end  of  200  trials  the 
4-6  year  age  group  and  the  adults  were  responding  essentially  in  the 
same  manner  to  the  MFE  in  Treatment  I  whereas  the  7-10  year  age  group 
was  choosing  the  MFE  less  often.  The  MFE  response  curves  are  shown  in 
Figure  5  for  the  three  different  age  groups  (males  and  females  combined 
under  Treatment  I) .  The  CR  curves  for  the  same  age  groups  are  presented 
in  Figure  6. 

In  the  analysis  of  CR  a  significant  difference  in  correct 
response  (F  =  10.77,  df  2/84,  pC  .001,  Table  VI)  was  indicated.  The 
adults  had  the  highest  number  of  correct  responses  in  the  next  to  last 
block  whereas  the  other  two  age  groups  realized  about  the  same  success 
until  about  the  sixth  block.  After  that  point  the  youngest  age  group 
gradually  approached  closer  and  closer  to  the  adult  level  of  realized 
success  while  the  level  of  success  for  the  middle  age  group  remained 
essentially  the  same.  This  middle  age  group  stabilized  in  their  mixed 
strategy  by  persisting  in  it.  Consequently,  their  realized  payoff  in 
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TABLE  VI 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  CR  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  FIRST  TEN  TRIAL  BLOCKS 
UNDER  TREATMENT  I  (RANDOM) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

4,282.78 

89 

Age 

843.68 

2 

421.84 

10.77 

0.001 

Sex 

28.09 

1 

28.09 

0.72 

0.40 

Age  x  Sex 

120.41 

2 

60.20 

1.54 

0.22 

Subjects  W  Group 

3,290.60 

84 

39.17 

Within  Subiects 

5,853.10 

810 

Trials 

2,047.11 

9 

227.46 

Age  x  Trials 

228.25 

18 

16.01 

Sex  x  Trials 

69.79 

9 

7.75 

Age  x  Sex  x  Trials 

86.42 

18 

4.80 

Trials  x  Subj.  w.  G. 

3,361.54 

756 

4.45 
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correct  responses  was  lower  than  that  of  the  two  other  groups.  There 
were  no  significant  differences  as  to  sex  or  to  an  interaction  of  age 
and  sex. 

These  results,  therefore,  support  the  hypothesis  made.  The 
analysis  of  the  MFE  curves  more  than  points  in  the  direction  of  the 
first  hypothesis,  while  the  analysis  of  CR  curves  definitely  supports 
the  hypothesis. 

Asymptotic  level:  The  second  hypothesis  under  Treatment  I  deals 
with  the  order  in  which  the  various  age  groups  reach  the  asymptotic 
level  of  behavior.  In  part,  the  hypothesis  also  serves  to  check  the 
findings  reported  by  Weir  (1964)  where  he  states  that  there  is  a  curvi¬ 
linear  (U-shaped)  relationship  between  age  and  the  terminal  level  of 
correct  responses,  in  which  the  younger  subjects  show  a  more  rapid  rise 
to  terminal  level  of  response  than  do  the  older  subjects. 

The  hypothesis  to  be  tested  states  that  the  asymptotic  level 
should  be  reached  first  by  the  4-6  year  age  group,  then  by  the  adults, 
and  finally  by  the  7-10  year  age  group.  Although  the  results  did  not 
support  the  hypothesis  of  this  study,  they  did  support  Weir's  findings 
of  a  U-shaped  relationship  between  age  and  the  terminal  level  of  response 
and  between  age  and  the  rate  of  rise  to  the  terminal  level. 

Three  methods  were  used  in  determining  the  asymptotic  level  of 
predicting  the  MFE  by  each  group  under  Treatment  I.  Within  each  age 
group  calculations  were  carried  out  for  both  sexes  together,  as  well  as 
for  each  sex  separately. 
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The  first  method  used  was  the  polynomial  fit  using  least  squares 
method.  This  proved  totally  unsatisfactory.  It  fitted  a  curve  but  did 
not  provide  a  reasonable  point  needed  for  this  analysis  to  indicate 
where  the  asymptotic  level  of  behavior  had  been  reached.  The  second 
method  used  was  the  fitting  of  two  regression  lines  by  using  the  least 
squares  method  without  any  restriction  on  slopes  of  either.  It  was 
unsatisfactory  as  well,  since  the  slope  of  the  second  regression  line 
was  not  always  zero.  At  best  it  indicated  the  point  at  which  a  change 
in  rate  took  place.  Therefore,  the  third  method  was  employed,  that  of 
using  the  least  squares  solution  to  estimate  two  regression  lines.  This 
method  arbitrarily  stipulated  that  the  regression  line  for  the  last  N-L 
points  under  study  was  to  have  a  zero  slope,  while  the  regression  line 
for  the  beginning  L  points  was  not  so  restricted.  Beginning  with  the 
L  initial  points  and  N-L  remaining  points,  the  intersection  of  the 

regression  lines  were  calculated  for  each  of  L+j  and  N-L-j  (j =0,1,2, - ) 

the  intersection  provided  the  estimate  of  the  trial  block  in  which  the 
subjects  were  considered  to  have  reached  a  stable  state  of  choice 
behavior . 

The  method  that  was  finally  used  to  fit  the  two  regression  lines 
may  be  summarized  as  follows: 

1.  The  intersection  of  two  regression  lines  was  used  to  estimate 
the  point  for  the  beginning  of  the  asymptotic  level  of  response. 

2.  Iterative  procedures  were  used  for  fitting  one  curve  (y=a+bx) 
on  the  basis  of  the  first  2  to  N-2  points  while  at  the  same  time  fitting 
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a  second  curve  (y  =  a)  for  N-2  to  1  point. 

The  residual  sums  of  squares  per  point  was  used  as  criterion 
to  select  the  pairs  of  lines.  The  intersection  of  that  pair  of  lines 
with  minimum  residuals  were  used  to  estimate  the  beginning  of  the 
asymptote . 

Mathematically,  the  point  at  which  the  asymptotic  behavior 
began  was  taken  as  the  intersection  of  those  two  regression  lines,  one 
of  the  form  y  =  a  +  bx,  the  other  of  the  form  y  =  a,  for  which,  for  any 
group  L  N 


SS  = 


i  =  1 


j-L+1 


was  a 


minimum. 


Where,  =  a  +  bx^ 

ij  =  x. 

i  =  1,  2,  . N-3 

j  =  L  +  1,  +2,  . N 


L  initially  equals  2 

The  results  of  this  latter  method  are  summarized  in  Table  VII, 
page  74.  It  can  readily  be  seen  that  the  adults  and  the  7-10  year 
olds  reached  their  respective  asymptotic  levels  at  about  the  same  time. 
The  youngest  group  took  the  longest.  Since  there  was  no  definite 
leveling  off  of  the  response  curve  after  200  trials  for  this  youngest 
group,  it  is  impossible  to  conclude  just  when  they  would  have  reached 
a  stable  state  by  our  definition.  Therefore,  it  was  necessary  to  make 


3nioq  I  03  S-W  toi  (fl  *  K)  9V3uo- bnoo9a  » 

.  :jJo.tqfuvriB 

•,  , waited  oidoJqr.w  •  3d:'  doirfw  «  inioq  add  ,  :.J  *  >i’  > 

„0  ,,  -i  w  aeodd  50  Wiiosa^jn  add  a,  :«•  *«* 

^  .**  .doxd*  301  .3  -.X  add  10  darido  add  .*>  *.*t  »»*  **  * 

OUOTg 


!  -Kl-  r 


a  =  i 


.rnon  jc/iin 


.j  #=^  b  *  .X  ,  9iar: 


A 


£  W .  tS  ,X  @  X 


i  i»» .)3  vJ  rdini  J 

' 

.  ,.  I  -  V  -rid  h.  '  «Jiub»  add  l*dd  naaa  ad  X  ^  ^  ‘  '  ' 

Ml.,U3b  Oft  *SW  9391b  300X3  .l»9*«oX  add  dOOd  «»3g  «•»«*>* 

,  <oi  :<  <•'  ad  6  av3uo  9*.'i.,-  >  >"  wr 

b  „ri  *1 1  .  V).  .  dw  wut  ado  ,r;  a  od  eidUaoqmi  ti  U  .<!»»« 

*,,*  od  .0*9.9090  38W  dX  ,930*939111  .OOiliiUlab  300  Xi  9d*J  9  9j<tod.  * 


ESTIMATES  OF  TRIAL  BLOCK  OF  ASYMPTOTIC  MFE 
RESPONSE  LEVEL  FOR  TREATMENT  I  (RANDOM) 


74 


o 

o 

O 

o 

O 

O 

o 

O 

O 

T— 1 

o 

00 

O 

CM 

vO 

CM 

CM 

CM 

CM 

«t3 

O 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

•H 

O 

1 

| 

1 

1 

1 

1 

| 

1 

1 

G 

T— 1 

o 

o 

O 

o 

o 

o 

o 

o 

o 

H 

PQ 

00 

vO 

00 

o 

o 

o 

o 

o 

1— 1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

X 

O  QJ 

rH 

in  4J 

G 

lO 

m 

CO 

r- 

o 

o 

00 

00 

rH 

CL,  G 

•H 

vO 

00 

rH 

o 

rH 

rH 

o 

a  6 

Ci 

rH 

T— 1 

rH 

rH 

rH 

, _ 1 

rH 

rH 

rH 

<3  -H 

H 

14H 

* 

o 

G 

i 

O 

o 

00 

OV 

O'! 

Os 

00 

CM 

r^- 

m 

4-J  Cl 

•H 

CM 

m 

VO 

as 

rH 

in 

G  a) 

4-1 

00 

CM 

00 

Os 

CM 

00 

as 

o 

•H  4-1 

O 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o  g 

(U 

00 

00 

ON 

m 

vO 

m 

m 

uo 

m 

PM  M 

CO 

•3< 

* 

o 

o 

o 

o 

O 

o 

o 

o 

o 

* 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

?o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

PQ 

PQ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

<U 

G 

o 

o 

o 

co 

rH 

sO 

rH 

CO 

•H 

o 

CO 

r-» 

o 

CM 

00 

o 

<t 

CO 

hJ 

X 

Os 

CO 

00 

CM 

in 

vO 

CM 

as 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a 

<3 

f"- 

00 

m 

vO 

m 

00 

iO 

o 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

•H 

CO 

CO 

o 

o 

o 

in 

m 

sO 

m 

in 

m 

cu 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

Cl 

■ci 

1 

1 

I 

| 

1 

| 

| 

1 

1 

00 

PM 

o 

o 

o 

vO 

r- 

SO 

00 

00 

r". 

JX 

a) 

rH 

rH 

1 — 1 

o 

Pd 

o 

r— H 

-Q 

* 

* 

ON 

CM 

vO 

o 

co 

rH 

co 

00 

o 

rH 

X 

vO 

co 

o 

CO 

co 

o 

G 

<3 

>•> 

o 

rH 

ov 

ov 

as 

CM 

<± 

co 

•H 

PQ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

U 

rH 

rH 

o 

o 

o 

o 

rH 

rH 

rH 

4-1 

cu 

a 

G 

•H 

hQ 

rH 

CM 

r-. 

CM 

00 

rH 

rH 

CO 

CO 

X 

m 

O 

av 

rH 

00 

CO 

CM 

ID 

•H 

G 

vO 

m 

m 

vO 

sO 

sO 

CO 

o 

<3 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4-1 

•H 

00 

00 

00 

o 

as 

rH 

O 

as 

o 

•H 

CO 

rH 

rH 

rH 

rH 

G 

CO 

G 

cu 

Ci 

CO 

as 

C Ti 

cn 

in 

sO 

m 

r- 

r-~ 

vO 

G 

00 

■u 

1 

1 

i 

i 

i 

i 

i 

i 

1 

O 

(U 

PM 

rM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

•H 

Pd 

4-1 

o 

<D 

o 

m 

in 

o 

m 

m 

o 

m 

m 

co 

co 

, — i 

rH 

co 

rH 

rH 

CO 

rH 

rH 

Sh 

<D 

4-1 

G 

X 

Pm 

Pm 

Pm 

•H 

<u 

i 

£ 

Pm 

i 

£ 

Pm 

l 

£ 

Pm 

CO 

£ 

£ 

£ 

MH 

o 

CO 

CO 

Ci 

4-1 

Cl 

G 

PC 

So 

•Cl 

•H 

<U 

G 

O 

rH 

O 

00 

o 

vO 

w 

H 

M 

rH 

H 

H 

H 

G 

M 

H 

M 

PM 

<3 

Ci 

1 

1 

H 

M 

H 

"G 

H 

H 

M 

o 

l-"- 

<3 

H 

M 

H 

* 

* 

4c 

* 


Regression  line  of  the  form  y  =  a  +  bx 
Regression  line  of  the  form  y  =  a 


i. 


w. 

r  i  ai 


rv  o 


X  * 


»•  » 

o 

c 

• 

K 

Hr 

nt 


-4 

!— i 


75 


the  assumption  that  they  did  reach  an  asymptotic  level  or  would  have 
reached  one  if  they  had  been  allowed  to  continue  for  a  greater  number 
of  trials.  The  best  estimate  of  the  asymptotic  level  was  taken  as  the 
last  trial  block. 

A  graphic  presentation  of  the  findings  given  in  Table  IV  may 
be  found  in  Figures  15  to  23,  Appendix  B,  pp.  130  -  138).  These  figures 
depict  the  MFE  response  curves  and  the  two  fitted  regression  lines  for 
each  group  and  also  for  each  sex  within  the  group. 

Results :  Treatment  II 

Of  the  three  treatments  used,  the  results  of  Treatment  II 
(simple  pattern)  are  most  interesting. 

The  conditions  under  Treatment  II  were  designed  to  differentiate 
between  the  three  groups  on  the  basis  of  cognitive  development.  The 
rationale  underlying  Treatment  II  (and  later  on  in  Treatment  III)  is 
that  the  Piagetian  stages  of  cognitive  development  not  only  will  dictate 
the  abilities  that  are  available  to  each  age  group  but  also  will  shed 
further  light  on  why  each  group  may  have  employed  a  particular  strategy. 
To  accomplish  this  the  probability  of  each  event  remained  the  same  as 
that  in  Treatment  I.  For  the  most  part  the  first  two  treatments 
appeared  to  be  identical.  However,  built  into  Treatment  II  was  a  pattern 
which  according  to  Piaget's  theory  should  be  a  formal  operations  task 
which  determined  the  sequence  of  the  events. 

Another  condition  of  Treatment  II  was  the  reversal  shift  which 
consisted  on  an  interchange  of  the  MFE  with  the  least  frequent  event 
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after  a  specified  number  of  trials.  It  was  assumed  that  140  trials 
for  the  4-6  year  age  group  (and  200  trials  for  the  other  two  groups) 
was  a  sufficient  number  of  trials  for  the  youngest  group  to  be 
centrated  on  the  MFE.  However,  because  the  4-6  year  age  group 
should  have  centrated  on  and  may  be  becoming  conditioned  to  the  MFE 
they  would  take  the  greatest  number  of  trials  to  recover  their  former 
level  of  response  to  the  MFE  after  the  reversal  shift. 

Simple  Pattern:  It  was  hypothesized  that  the  4-6  year  age 
group  would  respond  most  frequently  to  the  MFE  in  a  manner  which  would 
suggest  that  they  used  pure  strategy.  The  adult  group  would  be  the 
only  group  to  detect  a  repeating  pattern  of  events,  to  learn  it,  and 
to  persist  in  it  by  using  a  patterned  response  strategy.  Results  were 
conclusive  in  supporting  all  parts  of  the  hypothesis. 

To  test  the  hypotheses  2a  and  2c  it  was  necessary  to  restrict 
the  analysis  to  the  first  seven  blocks.  The  restriction  was  made 
necessary  because  of  the  reversal  shift  of  the  patterned  events  at  the 
end  of  the  7th  trial  block  for  the  4-6  year  age  group.  The  restriction 
did  not  deter  the  testing  of  the  hypotheses  since  there  were  a  sufficient 
number  of  trials  to  indicate  the  strategy  that  was  used  by  each  group. 

The  analysis  of  the  responses  to  the  MFE  in  the  first  7  trial 
blocks  indicated  no  significant  differences  (F  =  1.35,  df  =  2/84,  p>  .27, 
Table  VIII)  within  the  three  age  groups.  These  differences  are  shown 
in  Figure  7  where  a  visual  comparison  can  be  made  of  the  MFE  curves  for 
the  three  age  groups.  There  were  no  significant  (F  =  0.51,  df=  1/84, p>. 48, 
Table  VIII)  sex  differences  evident  for  any  of  the  three  groups. 
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MFE  RESPONSE  CURVES  FOR  THE  THREE  AGE  GROUPS  (M&F)  UNDER  TREATMENT  II 
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(Adult) 


(7-10) 


CR  CURVES  FOR  THE  THREE  AGE  GROUPS  (M&F)  UNDER  TREATMENT  II 


TABLE  VIII 


79 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  FIRST  SEVEN  TRIAL  BLOCKS 
UNDER  TREATMENT  II  (SIMPLE  PATTERN) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subiects 

4,667.95 

89 

Age 

142.50 

2 

71.25 

1.35 

0.27 

Sex 

27.24 

1 

27.24 

0.51 

0.48 

Age  x  Sex 

50.29 

2 

25.14 

0.47 

0.62 

Subject  W  Group 

4,447.92 

84 

52.95 

Within  Subjects 

8,085.14 

540 

Trials 

3,398.35 

6 

566.39 

Age  x  Trials 

236.61 

12 

19.72 

Sex  x  Trials 

79.28 

6 

13.21 

Age  x  Sex  x  Trials 

51.36 

12 

4.28 

Trials  x  Subj.  w.  G. 

4,319.54 

504 

8.57 
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TABLE  IX 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  CR  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  FIRST  SEVEN  TRIAL  BLOCKS 
UNDER  TREATMENT  II  (SIMPLE  PATTERN) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

7,471.67 

89 

Age 

2,929.68 

2 

1,464.84 

27.48 

0.001 

Sex 

0.46 

1 

0.46 

0.01 

0.93 

Age  x  Sex 

63.55 

2 

31.77 

0.60 

0.55 

Subjects  W  Group 

4,477.98 

84 

53.31 

Within  Subiects 

5,978.00 

540 

Trials 

2,427.37 

6 

404.56 

Age  x  Trials 

466.19 

12 

38.85 

Sex  x  Trials 

40.20 

6 

6.70 

Age  x  Sex  x  Trials 

33.43 

12 

2.79 

Trials  x  Subj...  w.  G. 

3,010.82 

504 

5.97 
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However,  an  analysis  of  the  CR  (block  1  through  7)  indicates  a 
significant  difference  (F  =  27.48,  df  =  2/84,  p  <.001,  Table  IX)  in 
the  main  effect  of  Treatment  II.  The  three  CR  curves  are  presented  in 
Figure  8.  It  appeared  that  from  the  very  first  trial  block  the  adults 
were  able  to  detect  the  pattern,  learn  it,  and  respond  to  it.  This 
patterned  response  strategy  gave  many  subjects  a  perfect  response 
behavior. 

The  youngest  and  middle  age  groups  behaved  much  the  same  in 
the  first  5  trial  blocks  but  then  differences  became  evident.  The  middle 
age  group  displayed  a  tendency  toward  mixed  strategy  up  to  the  10th  trial 
block.  The  reversal  shift  immediately  after  the  200th  trial  caused  them 
to  abandon  the  previous  mixed  strategy  at  the  point  of  recovery  for  what 
appears  to  be  a  shift  towards  a  "pure"  strategy.  Both  of  the  younger 
groups  had  about  the  same  number  of  correct  responses  in  their  predictions 
for  the  first  six  trial  blocks.  From  that  point  they  differed. 

Reversal  shift:  The  second  hypothesis  under  Treatment  II 

states  that  upon  reversal  of  the  MFE  the  youngest  group  will  take  longest 
recovery  to  previous  level  of  response  to  the  MFE,  while  the  adults  will 
be  first  and  the  middle  group  second.  This  hypothesis  was  fully  supported 
by  the  data. 

During  the  trial  block  prior  to  the  reversal  the  7-10  year  age 
group  had  the  highest  response  frequency  to  the  MFE,  next  were  the  4-6 
year  age  group,  and  last  were  the  adults.  After  the  reversal  the  greatest 
drop  in  the  response  curve  was  seen  in  the  7-10  year  age  group,  then  in 
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FIGURE  9 

MFE  RECOVERY  CURVES  FOR  ALL  THE  THREE  GROUPS  (M&F)  UNDER  TREATMENT  II 

FROM  POINT  OF  REVERSAL 
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TABLE  X 

MFE  RECOVERY  CURVE  ANALYSIS 


Age  Group 

Mean 

Performance  at 
pt.  of  reversal 

Mean 

Performance  at 
beginning  pt. 
of  recovery 

Approx,  no.  of 
trials  from 
reversal  to 
recovery  * 

4-6  years 

14.03 

10.97 

c.,  (inter- 
75th  polated) 

7  -  10  years 

15.00 

9.70 

58th 

Adult 

12.00 

11.83 

28th 

*  The  criterion  was  the  number  of  trials  required  by  each 
group  to  recover  to  the  previous  MFE  response  level  at  the  time 
of  reversal . 
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the  4-6  year  age  group,  with  the  least  drop  in  the  adult  group  (see 
Figure  9,  page  82).  After  the  drop  it  took  the  adult  group  approxi¬ 
mately  25  to  30  trials  for  the  curve  to  recover,  about  55  to  60  trials 
for  the  7-10  year  age  group,  and  at  the  end  of  their  remaining  60 
trials  the  4-6  year  age  group  had  not  yet  recovered  (Figure  9) .  If 
the  recovery  curve  was  projected  at  the  same  rate  as  prior  to  the  last 
trial  block,  it  is  inferred  that  the  4-6  year  age  group  would  have 
taken  75  -  80  trials  to  recover.  The  MFE  recovery  curve  analysis  is 
summarized  in  Table  X,  page  83. 

From  the  calculations  of  the  recovery  curve  analysis  it  is 
possible  to  see  that  the  youngest  group  took  longest  to  recover.  They 
differed  from  the  other  two  groups  in  that  they  had  centrated  and  were 
unable  to  utilize  such  abilities  as  would  permit  a  rapid  adaptation  to 
the  MFE. 

Sex  Differences:  As  hypothesized  in  the  third  instance  under 
Treatment  II  there  were  no  significant  (F  =  0.51,  df  =  1/84,  p  Z>  .48, 
Table  VIII)  differences  due  to  the  main  effect  of  the  treatment  between 
the  sexes  of  all  three  groups. 

Results :  Treatment  III 

The  investigation  under  Treatment  III  (multi-pattern)  was  some¬ 
what  exploratory  in  nature.  It  was  designed  to  investigate  the  behavior 
and  the  strategies  each  age  group  would  display  in  a  highly  complex 
situation.  The  conditions  of  the  treatment  provided  for  a  number  of 
equally  possible  but  competing  patterns,  any  one  of  which  could  yield  a 
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MFE  RESPONSE  CURVES  FOR  THE  THREE  AGE  GROUPS  (M&F)  UNDER  TREATMENT  III 
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CR  CURVES  FOR  ALL  THREE  GROUPS  UNDER  TREATMENT  III  (M&F) 
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perfect  response  behavior  (because  £  IL  >1  ) .  These  competing  patterns 
add  to  the  complexity  by  offering  more  than  one  correct  alternative  during 
some  of  the  trials. 

The  questions  to  be  answered  by  this  highly  complex  situation  with 
competing  alternatives  are:  How  will  each  age  group  behave  as  they  try 
to  cope  with  this  kind  of  complexity?  What  strategy,  as  dictated  by  their 
cognitive  abilities,  will  each  group  display?  How  widely  will  their 
behavior  separate  them?  And,  finally,  will  there  be  sex  differences  within 
the  groups? 

It  was  hypothesized  that  under  Treatment  III  the  youngest  group 
would  resolve  their  prob lem--solving  the  task  by  applying  "pure"  strategy, 
that  is,  choose  the  MFE  most  frequently.  The  middle  group  would  generate 
a  variety  of  response  patterns  during  the  series  of  trials  which  would 
prevent  them  from  realizing  the  success  of  a  mixed  strategy.  However, 
the  adults  would  apply  pure  strategy  after  trying  a  mixed  strategy.  All 
parts  of  the  hypothesis  were  confirmed  by  the  results. 

Strategies:  There  was  a  definite  separation  among  the  three  age 
groups  on  the  basis  of  their  response  curves  to  the  MFE  (see  Figure  10) . 
Inspection  of  the  F  ratios  of  the  analysis  of  variance  over  the  first  10 
trial  blocks  indicate  that  the  main  effects  of  age  were  highly  significant 
(F  =  24.98,  df  =  2/84,  p  <C  .001,  Table  XI,  page  88).  Differences  due  to 
sex  were  highly  significant  (F  =  6.83,  df  =  1/84,  p<C  .01,  Table  XI, 
page  88) .  The  youngest  age  group  showed  a  definite  tendency  to  use  pure 
strategy.  The  adults,  however,  with  some  exceptions,  used  all  three 
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TABLE  XI 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  FIRST  TEN  TRIAL  BLOCKS 
UNDER  TREATMENT  III  (  MULTI -PATTERN) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

15,589.18 

89 

Age 

5,463.21 

2 

2,731.60 

24.98 

0.001 

Sex 

747.11 

1 

747.11 

6.83 

0.01 

Age  x  Sex 

193.53 

2 

96.76 

0.88 

0.42 

Subject  W  Group 

9,185.33 

84 

109.35 

Within  Subjects 

8,991.00 

810 

Trials 

1,793.74 

9 

199.30 

Age  x  Trials 

269.77 

18 

14.99 

Sex  x  Trials 

86.36 

9 

9.60 

Age  x  Sex  x  Trials 

208.60 

18 

11.59 

Trials  x  Subj.  w.  G 

6,632.53 

756 

8.77 
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TABLE  XII 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  SECOND  FIVE  TRIAL  BLOCKS 
UNDER  TREATMENT  III  (MULTIPLE  PATTERNS) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

10,503.13 

89 

Age 

3,557.10 

2 

1,778.55 

23.96 

0.01 

Sex 

468.18 

1 

468.18 

6.31 

0.01 

Age  x  Sex 

241.61 

2 

120.81 

1.63 

0.20 

Subject  w.  Group 

6,236.24 

84 

74.24 

Within  Subjects 

1,920.00 

360 

Trials 

96.61 

4 

24.15 

Age  x  Trials 

49.66 

8 

6.21 

Sex  x  Trials 

18.12 

4 

4.53 

Age  x  Sex  x  Trials 

44.25 

8 

5.53 

Trials  x  Subj.  w.  G. 

1,711.36 

336 

5.09 
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TABLE  XIII 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  CR  OF  THREE  AGE  GROUPS 
BY  MALES  AND  FEMALES  OVER  FIRST  TEN  TRIAL  BLOCKS 
UNDER  TREATMENT  III  (MULTI -PATTERN) 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

2,798.93 

89 

Age 

257.22 

2 

128.60 

4.31 

0.02 

Sex 

28.44 

1 

28.44 

0.95 

0.33 

Age  x  Sex 

7.11 

2 

3.55 

0.12 

0.89 

Subjects  W  Group 

2,506.16 

84 

29.85 

Within  Subiects 

4,816.60 

810 

Trials 

639.60 

9 

71.07 

Age  x  Trials 

152.32 

18 

8.46 

Sex  x  Trials 

82.73 

9 

9.19 

Age  x  Sex  x  Trials 

87.58 

18 

4.87 

Trials  x  Subj.  w.  G. 

3,854.37 

756 

5.10 
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strategies  and  usually  in  this  order  --  mixed,  pure,  and  finally  maxi¬ 
mizing  with  a  partially  correct  patterned  response  strategy.  The  middle 
age  group  did  not  respond  to  the  patterns  at  all  in  this  treatment  but 
tried  to  match  the  probabilities  of  the  events  by  using  a  mixed  strategy. 

From  the  CR  curves  (Figure  11)  it  may  be  seen  that  the  adult 
group  had  the  highest  number  of  correct  responses.  The  youngest  age 
group  were  next  in  number  of  correct  responses  in  their  use  of  "pure" 
strategy.  The  middle  age  group  had  the  least  success  with  their  mixed 
strategy,  attempting  to  match  the  probabilities  of  the  events  with  their 
distribution  of  responses.  The  differences  in  number  of  correct  responses 
as  a  result  of  the  multiple  pattern  of  Treatment  III  for  the  three  age 
groups  was  significant  only  at  the  p  <  .02  level  (Table  XIII).  Sex 
differences  in  terms  of  number  of  correct  responses  were  not  significant 
(F  =  .95,  df  =  1/84,  p>  .33,  Table  XIII). 

Sex  differences:  The  second  hypothesis  serves  to  test  for  sex 
differences  of  the  two  younger  age  groups.  It  was  hypothesized  that 
during  the  10th  trial  block  the  females  would  realize  a  significant 
number  of  correct  responses  more  than  the  males  would.  The  results  did 
not  support  the  hypothesis  and  in  fact  it  pointed  in  the  opposite 
direction  to  the  one  hypothesized.  The  non-significant  differences  as 
to  the  number  of  correct  responses  realized  by  each  sex  within  each  of 
these  two  younger  age  groups  is  presented  graphically  in  Figures  12  to  14 
in  the  following  pages.  This  is  further  supported  by  the  analysis  of 
variance  summarized  in  Tables  XIV  to  XVII,  pp.  96  -  99. 
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Although  there  are  indications  of  significant  sex  differences  of 
the  MFE  responses  in  Tables  XI  and  XII,  further  analysis  of  the  MFE  data 
established  the  difference  to  be  significant  only  for  the  unhypothesized 
adult  age  group.  In  any  case,  the  realized  success  of  correct  responses 
for  each  of  the  three  age  groups  was  non-significant  (Table  XIII). 
Therefore,  it  may  be  concluded  that  both  sexes  realized  about  the  same 
success.  It  is  suggested  by  the  investigator  that  perhaps  the  age 
categories  are  too  wide  to  show  any  differences  between  them  that  may  be 
due  to  maturation. 
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Means 


CR  CURVES  OF  THE  4-6  YEAR  AGE  GROUP  UNDER  TREATMENT  III 
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Means 


(Males) 


(Females) 


CR  CURVES  OF  THE  7-10  YEAR  AGE  GROUP  UNDER  TREATMENT  III 
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TABLE  XIV 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES 
UNDER  TREATMENTS  I,  II,  AND  III  BY  MALES  AND  FEMALES 
OVER  TEN  TRIAL  BLOCKS  OF  4-6  AGE  GROUP 


Source  of  Variance  Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Sub  iects 

10,781.11 

89 

Treatments 

1,837.39 

2 

918.70 

8.96 

0.001 

Sex 

319.22 

1 

319.22 

3.11 

0.08 

Treatment  x  Sex 

15.37 

2 

7.68 

0.07 

0.93 

Subject  W  Group 

8,609.13 

84 

102.49 

Within  Sub iects 

21,302.40 

810 

Trials 

2,721.31 

9 

302.37 

Treatment  x  Trials 

6,372.74 

18 

354.04 

Sex  x  Trials 

230.63 

9 

25.63 

Treat,  x  Sex  x  Trials 

79.12 

18 

4.40 

Trials  x  Subj.  w.  G. 

11,898.60 

756 

15.74 

Trials  x  Subj.  w.  G 


■  d 1  X  ;  3 


: .  p  !  ' 

u  ■ 

i 

■ 

OC.O 

SIS  !')£ 

9 

81 

.  C  • 

. 

.0  .V  ft  I  Kill 

TABLE  XV 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  CR 
UNDER  TREATMENTS  I,  II,  AND  III  BY  MALES  AND  FEMALES 
OVER  TEN  TRIAL  BLOCKS  OF  4-6  AGE  GROUP 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subiects 

3,754.36 

89 

Treatments 

198.85 

2 

99.42 

2.42 

0.09 

Sex 

104.04 

1 

104.04 

2.54 

0.12 

Treatment  x  Sex 

6.41 

2 

3.20 

0.08 

0.92 

Subjects  W  Group 

3,445.07 

84 

41.01 

Within  Subjects 

6,806.00 

810 

Trials 

1,372.07 

9 

152.45 

Treatment  x  Trials 

567.78 

18 

31.54 

Sex  x  Trials 

54.34 

9 

6.04 

Treat,  x  Sex  x  Trials 

80.88 

18 

4.49 

Trials  x  Subj.  w.  G. 

4,730.93 

756 

6.26 

Trials  x  Subj.  w.  G 
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TABLE  XVI 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES 
UNDER  TREATMENTS  I,  II,  AND  III  BY  MALES  AND  FEMALES 
OVER  FIFTEEN  TRIAL  BLOCKS  OF  7-10  AGE  GROUP 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subiects 

24,275.94 

89 

Treatments 

9,682.19 

2 

4,841.09 

28.13 

0.001 

Sex 

65.78 

1 

65.78 

0.38 

0.54 

Sex  x  Treatment 

69.38 

2 

34.69 

0.20 

0.82 

Subject  W  Group 

14,458.60 

84 

172.13 

Within  Subiects 

24,862.40 

1260 

Trials 

3,729.83 

14 

266.42 

Treatment  x  Trials 

11,544.06 

28 

412.29 

Sex  x  Trials 

115.44 

14 

8.25 

Treat,  x  Sex  x  Trials 

312.60 

28 

11.16 

Trials  x  Subj.  w.  G. 

9,160.47 

1176 

7.79 
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TABLE  XVII 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  CR 
UNDER  TREATMENTS  I,  II,  AND  III  BY  MALES  AND  FEMALES 
OVER  FIFTEEN  TRIAL  BLOCKS  OF  7-10  AGE  GROUP 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subiects 

6,231.17 

89 

Treatment 

605.37 

2 

302.68 

4.68 

0.01 

Sex 

22.95 

1 

22.95 

0.45 

0.55 

Treatment  x  Sex 

166.14 

2 

83.07 

1.28 

0.28 

Subjects  W  Group 

5,436.72 

84 

64.72 

Within  Subiects 

8,806.40 

1260 

Trials 

1,578.84 

14 

112.77 

Treatment  x  Trials 

629.23 

28 

22.47 

Sex  x  Trials 

119.97 

14 

8.57 

Treat,  x  Sex  x  Trials 

129.35 

28 

4.62 

Trials  x  Subj.  w.  G. 

6,349.01 

1176 

5.40 
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TABLE  XVIII 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  MFE  RESPONSES 
UNDER  TREATMENTS  I,  II,  AND  III  BY  MALES  AND  FEMALES 
OVER  FIFTEEN  TRIAL  BLOCKS  OF  THE  ADULT  GROUP 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subjects 

15,897.63 

89 

Treatment 

10,373.02 

2 

5,186.51 

99.30 

0.001 

Sex 

776.72 

1 

776.72 

14.87 

0.001 

Treatment  x  Sex 

360.36 

2 

180.18 

3.45 

0.04 

Subjects  W  Group 

4,387.53 

84 

52.23 

Within  Subjects 

24,177.07 

1260 

Trials 

4,400.83 

14 

314.34 

Treatment  x  Trials 

12,281.38 

28 

438.62 

Sex  x  Trials 

214.12 

14 

15.29 

Treat,  x  Sex  x  Trials 

229.87 

28 

8.21 

Trials  x  Subj.  w.  G. 

7,050.87 

1176 

5.99 
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TABLE  XIX 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  CR 
UNDER  TREATMENTS  I,  II,  AND  III  BY  MALES  AND  FEMALES 
OVER  FIFTEEN  TRIAL  BLOCKS  OF  ADULT  GROUP 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

P 

Between  Subiects 

11,020.98 

89 

Treatment 

7,354.37 

2 

3,677.18 

84.76 

0.001 

Sex 

5.87 

1 

5.87 

0.14 

0.71 

Treatment  x  Sex 

16.58 

2 

8.29 

0.19 

0.83 

Subjects  W  Group 

3,644.17 

84 

43.38 

Within  Subjects 

10,805.33 

1260 

Trials 

3,770.37 

14 

269.31 

Treatment  x  Trials 

1,029.74 

28 

36.78 

Sex  x  Trials 

78.03 

14 

5.57 

Treat,  x  Sex  x  Trials 

121.36 

28 

4.33 

Trials  x  Subj.  w.  G. 

5,805.83 

1176 

4.94 

y?j  r  '  ?  '■  RY l‘\  < 

;  ,  j  ■  ■  ,r  — J  r  T  T  9  H3V0  ; 


il£> ;  f  f  ,.  i-  3£r-' ■;  l>' 

J  •  f 

- 

V 

. 

;c  0  W  •  •  ■  *1  dl  . 

OdSX 

'j s j  c  » 3  air*  "iW 

6t.  je 

. 

aiai-T  x  x  )8 

,0  .w  .t^a  x  aI**'lT 

CHAPTER  VII 


SUMMARY,  FINDINGS,  CONCLUSIONS  AND  IMPLICATIONS 

This  final  chapter  includes  a  statement  of  the  problem  and  its 
purpose;  an  overview  of  the  experiment;  the  findings  of  the  experiment, 
the  results  of  the  experiment  and  how  they  relate  to  the  hypothesis; 
the  conclusions;  the  implications  for  education  --  theoretical  and 
practical;  and  the  implications  for  further  research. 

The  Problem  and  Its  Purpose 

The  problem  under  investigation  is  to  show  that  choice  behavior 
is  predictable  by  Piagetian  theory  and  to  suggest  what  cognitive 
processes  are  operant  in  choice  behavior  at  different  age  levels.  The 
strategies  (mixed,  pure  and  patterned  response)  used  by  each  age  group 
were  taken  as  indicative  of  the  type  of  cognitive  processes  which  are 
available  at  that  developmental  level.  The  three  age  groups  used  in 
this  study  are  based  on  the  phases  and  periods  of  Piaget's  theory, 
particularly  the  concrete  operations  and  formal  operations  period. 

The  purpose  of  this  study  is  to  explain  how  certain  strategies 
are  used  and  how  they  seem  to  be  associated  with  certain  stages  of 
cognitive  development. 

Overview  of  the  Study 

This  investigation  was  designed  to  study  the  behavior  of  three 
age  groups  under  three  treatments  over  a  series  of  repeated  blocks  of 
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trials  in  a  probability  learning  task.  The  number  of  subjects  of  each 
sex  was  equal  in  each  age  group  and  in  each  treatment.  Two  hundred 
seventy  subjects  were  used  to  give  an  N  of  15  in  each  of  18  possible 
cells . 

The  three  treatments  varied  in  the  patterning  of  events: 
random  events  (I) ,  single  simple  pattern  (II)  ,  and  multiple  patterns 
(III).  The  treatments  were  designed  to  distinguish  between  age  groups 
by  means  of  progressive  complexity  of  treatments,  by  the  type  of 
strategies  employed,  and  by  the  possibility  for  abstraction  of  infor¬ 
mation.  All  treatments  are  under  the  condition  of  rewards  with  the 
utility  assigned  by  the  subject.  In  each  treatment  sex  differences  are 
considered. 

A  three-event  situation  was  used  in  this  experiment.  The  task 
was  the  same  for  each  of  the  three  treatments  in  the  sense  that  the 
subject  was  seated  at  a  work  station  and  asked  to  predict  which  of 
three  possible  events  would  occur  in  each  trial.  Ten  blocks  of  twenty 
trials  each  succeeded  one  another  in  the  series  for  the  4-6  year  age 
group;  fifteen  blocks  of  twenty  trials  were  used  for  the  other  two 
groups . 

Equipment  used  was  a  Stoelting  five  channel  programmer  which 
not  only  provided  proper  cycle  timing  but  also  provided  the  programming 
of  each  treatment  on  a  program  of  film  tape.  An  Es ter line-Angus  20 
pen  recorder  provided  a  continuous  record  of  the  subject's  responses 
as  well  as  the  programmed  correct  event  for  each  light  at  each  of  the 
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three  work  stations.  An  attendant  was  stationed  at  each  work  area  in 
order  to  assist  in  the  orientation  of  subjects. 

Two  types  of  information  were  obtained  from  the  20  pen  recorder 
roll  charts:  the  total  number  of  responses  to  each  event  in  each  block 
of  twenty  trials  and  the  number  of  correct  responses  to  each  event  in 
each  block  of  twenty  trials.  From  this  information  was  extracted  the 
number  of  responses  to  the  most  frequent  event  (MFE)  and  total  correct 
responses  (CR)  for  each  trial  block. 

EXPERIMENTAL  FINDINGS 

Hypothesis  1  (a):  It  was  found  that  the  three  age  groups  could 
be  divided  into  three  groups  according  to  the  strategies  (based  upon 
MFE  responses)  they  used  and/or  the  number  of  correct  responses  (CR) 
they  realized  in  predicting  the  events.  On  the  basis  of  strategies 
used  and  the  correct  responses  realized,  the  4-6  year  age  group  and 
the  adult  group  at  the  end  of  ten  trials  generally  used  pure  strategy 
or  were  approaching  a  pure  strategy.  On  the  other  hand,  the  7-10  year 
age  group,  as  a  group,  used  some  form  of  mixed  strategy.  However,  this 
should  not  be  construed  that  all  subjects  in  the  7-10  year  age  group 
used  mixed  strategy,  since  eleven  of  them  eventually  did  use  pure 
strategy. 

Hypothesis  1  (b) :  In  this  study  the  7-10  year  age  group  and 
the  adults  both  reached  their  respective  asymptotic  level  of  choice 
behavior  at  about  the  same  time;  that  is,  after  the  same  number  of 
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trials.  The  4-6  year  age  group  took  the  longest  time  --  about  80 
trials  longer. 

Hypothesis  1  (c) :  There  were  no  significant  sex  differences 
in  choices  within  the  age  groups. 

Hypothesis  2  (a):  It  was  found  that  only  the  adults  were  able 
to  detect  the  pattern,  learn  it,  and  use  a  patterned  response  strategy. 
The  other  two  groups  behaved  similarly  over  the  first  five  trial  blocks. 
From  that  point  onward  the  4-6  year  age  group  displayed  a  tendency 
toward  "pure"  strategy  whereas  the  7-10  year  age  group  displayed  a 
tendency  toward  mixed  strategy  until  the  point  of  the  reversal  shift. 

Hypothesis  2  (b) :  After  the  reversal  shift  the  adults  were 
able  to  make  the  appropriate  adjustment  quickly  and  to  recover  in  about 
28  trials.  The  7-10  year  age  group  took  about  58  trials  to  recover, 
while  the  youngest  group,  which  had  the  most  difficulty  in  making  a 
recovery,  had  not  yet  fully  recovered  by  the  end  of  their  trials. 

Five  4-6  year-olds  did  not  make  the  shift  at  all  but  continued  to 
respond  to  the  event  upon  which  they  had  centrated  previous  to  the 
reversal  shift. 

Hypothesis  2  (c) :  There  were  no  significant  sex  differences 
within  any  of  the  three  groups. 

Hypothesis  3  (a):  There  was  a  significant  separation  of  the 
three  age  groups  on  the  basis  of  their  MFE  response  curves.  The  4-6 
year  age  group  displayed  a  definite  tendency  as  a  group  to  use  pure 
strategy  and  ignore  patterns.  The  7-10  year  age  group  used  a  mixed 
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strategy  but  they  too  failed  to  respond  to  the  patterns.  As  a  result 
they  had  the  lowest  number  of  correct  responses.  The  adults,  with 
exceptions,  used  all  three  strategies.  Usually,  they  began  with  a 
mixed  strategy,  then  tried  a  pure  strategy  and  continued  with  it,  or 
they  went  on  to  generate  a  partially  correct  patterned  response 
strategy. 

Hypothesis  3  (b) :  Within  the  limits  of  this  study,  no  signi¬ 
ficant  sex  differences  may  be  attributed  to  maturation. 


GENERAL  CONCLUSIONS 


4-6  Year  Age  Group 

From  the  findings  of  this  study  it  may  be  concluded  that  the 
4-6  year  olds,  taken  as  a  group  and  notwithstanding  some  individual 
differences,  perceived  the  events  to  be  random  in  each  of  the  three 
treatments.  Because  they  did  perceive  the  events  to  be  random,  they 
resolved  the  probability  learning  task  in  all  three  conditions  by 
eventually  responding  to  the  most  frequent  event  (MFE) .  As  soon  as 
they  became  aware  of  the  MFE  they  centrated  on  it,  responded  to  it, 
and  gradually  appeared  to  be  conditioned  to  it.  However,  some  did. 
envoke  a  mixed  strategy  during  the  earlier  trial  blocks  of  the  series. 
As  a  group,  though,  they  displayed  a  tendency  toward  pure  strategy  with 
the  result  that  most  of  them  finalized  on  a  pure  strategy. 

The  findings  also  indicate  that  members  of  the  4-6  year  age 
group  were  unable  to  detect  the  patterning  of  event  sequences.  This 
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failure  to  detect  patterns  gives  support  to  the  theory  that  during  the 
intuitive  phase  of  development  they  are  unable  to  obtain  maximum 
benefit  from  their  experience  because  they  cannot  abstract  from  it. 

This  inability  to  abstract  also  prevents  them  from  acquiring  a  schema 
for  patterns  which  is  necessary  for  both  detecting  and  efficiently 
learning  a  pattern. 

There  is  support  for  the  hypothesis  that  this  age  group,  by 
centrating  on  the  MFE,  are  susceptible  of  becoming  conditioned  to  it. 
Members  of  this  group  took  the  longest  time  to  make  an  appropriate  shift 
after  the  reversal  shift  in  Treatment  II.  Especially  is  this  evident 
in  those  subjects  who  did  not  ever  make  the  appropriate  accommodation 
to  the  shift  but  who  continued  to  respond  to  the  previous  MFE. 

In  a  repetitive  probability- learning  task  the  4-6  year  olds 
cannot  set  for  themselves  long  range  goals;  instead  they  are  tied  to 
their  perceptions  and  respond  on  the  concrete  level  from  the  particular 
to  the  particular.  In  a  repetitive  task  such  as  the  one  in  this  experi¬ 
ment,  they  need  to  realize  some  sort  of  reward  or  they  will  soon  become 
tired  and  abandon  the  task. 

7-10  Year  Age  Group 

With  a  few  exceptions  (four  individuals),  the  7-10  year  age 
group  behaved  as  did  the  youngest  group  in  perceiving  the  events  to 
be  random.  Yet  they  tried  to  impose  a  meaning  upon  the  task  by  con¬ 
stantly  searching  for  the  best  solution  to  the  task.  Because  they  are 
still  tied  to  the  concrete  level  of  operations,  this  search  leads  to  a 
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matching  of  event  probabilities  and  a  lower  correct  response  (CR)  level 
than  that  of  the  other  two  groups.  This  lowered  CR  is  vividly  demon¬ 
strated  in  Treatment  II  (simple  pattern)  and  Treatment  III  (multi¬ 
pattern)  .  It  was  apparent  that  they  were  unable  to  abstract  from  their 
experiences  those  facts  which  would  lead  to  detection  and  learning  of 
patterns.  This  observation  supports  the  theory  of  concrete  operations 
for  the  age  group.  Although  they  operate  largely  on  the  concrete  level, 
as  do  the  4-6  year  olds,  this  group  is  able  to  "decentrate"  and  do  not 
become  conditioned  to  the  MFE  as  the  youngest  group  did.  This  is  evidenced 
in  the  more  rapid  recovery  from  the  effect  of  the  reversal  shift.  How¬ 
ever,  this  recovery  was  slower  than  that  of  the  adult  group. 

In  the  very  complex  situation  (multiple  patterns)  they  were 
unable  to  respond  even  with  partial  patterning.  This  is  further  evidence 
of  their  concrete  operation  and  inability  to  utilize  formal  operations, 
as  a  result  of  which  their  CR  in  Treatment  III  was  even  lower  than  that 
of  the  youngest  group. 

Adult  Group 

The  findings  support  the  theory  that  the  adults  are  using  formal 
operations.  Unlike  the  two  younger  groups,  they  were  able  to  differ¬ 
entiate  between  the  events  that  were  randomized  and  those  that  were 
patterned.  It  appears  that  they  were  able  to  learn  from  their  experience 
and  to  abstract  from  it  information  with  which  to  develop  strategies 
that  they  thought  would  yield  the  highest  number  of  correct  responses. 

They  displayed  a  tendency  to  use  pure  strategy  for  random  events,  a 
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patterned  response  strategy  for  simple  pattern  while  using  varied 
strategies  in  response  to  the  multi-pattern  treatment.  In  the  complex 
situations  some  were  able  to  generate  partially  correct  response 
patterns  and  others  used  either  a  pure  strategy  or  some  variation  of 
a  mixed  strategy. 

When  confronted  with  a  reversal  shift,  the  adults  very  quickly 
made  the  proper  shift.  In  all  three  treatments  they  displayed  some 
degree  of  control  of  the  situation  as  they  attempted  to  maximize  their 
subjective  utility.  It  was  noted  that  in  at  least  two  cases  precon¬ 
ceived  ideas  (sets)  had  an  inhibiting  effect  and  prevented  these 
individuals  from  learning  the  patterns. 

All  three  age  groups,  it  may  be  added,  displayed  a  maximizing 
choice  behavior  and  reached  an  asymptotic  level  of  behavior  at  about 
120  trials,  except  for  the  youngest  group  whose  behavior  did  not  yet 
indicate  a  stable  state.  Differences  of  strategy  in  response  to 
events  among  the  three  age  groups  were  greatest  where  events  were 

i 

patterned,  especially  in  the  multi-pattern  treatment.  There  is  reason 
to  conclude  that  learning  of  patterned  events  is  a  formal  operation 
task.  Sex  differences  were  not  significant. 


IMPLICATIONS 


1 .  Theoretical 

The  theoretical  rationale  of  this  study  has  received  support 


from  the  experimental  findings.  The  verification  of  the  various 
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hypotheses  adds  credence  to  the  postulates  and  assumptions  from  which 
they  were  derived.  Specifically,  the  different  developmental  phases 
and  periods,  as  outlined  by  Piaget,  provide  valid  chronological  groupings 
of  subjects  for  experimentation.  At  the  same  time  Piaget's  theory 
provides  a  description  of  the  cognitive  abilities  expected  at  these 
phases  and  periods  of  development. 

Although  the  subjects  in  a  repetitive  probability-learning  task 
do  reach  an  asymptote  over  a  number  of  trials,  the  groups  do  differentiate 
between  themselves  through  the  strategies  they  use.  Especially  is  this 
evident  when  it  is  necessary  to  abstract  information  from  the  results  of 
a  series  of  events.  It  has  been  shown  that  it  is  possible  to  design 
and  generate  complexity  by  using  patterns.  Furthermore,  the  study  adds 
to  the  knowledge  and  theory  regarding  response  to  patterns:  they  are  a 
formal  operations  task. 

2 .  Practical 

The  strategies  that  have  been  defined  and  the  treatments  that 
have  been  used  in  this  study  should  prove  to  be  useful  for  the  following 
purposes : 

a.  Identification  of  strategies  in  a  probability- learning  task; 

b.  Distinguishing  between  various  age  groups  in  cognitive 
development ; 

c.  Identification  of  stage  of  cognitive  development; 

d.  Generation  of  various  degrees  of  complexity  by  use  of 
patterns  in  a  probability- learning  task; 
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e.  Provision  of  a  basis  for  identification  of  abstract  thinking. 

3.  Implications  for  Further  Research 

A  more  detailed  study  is  necessary  which  would  utilize  more  age 
groupings  in  which  the  age  differential  within  each  group  would  be  a 
maximum  of  two  years.  Such  a  study  would  indicate  more  precisely  at 
what  approximate  age  levels  cognitive  processes  actually  do  change  and 
at  what  age  the  transition  from  one  phase  or  stage  of  Piagetian  develop¬ 
ment  to  another  might  be  expected.  Further  study  could  also  indicate 
how  quickly  this  transition  between  stages  or  phases  takes  place. 

Future  research  should  be  carried  out  further  to  validate  and 
confirm  the  finding  that  recognition  of  and  response  to  pattern  in  a 
probability  -  learning  task  is  a  formal  operations  task  characteristic 
of  the  adult  group. 

A  study  should  also  be  designed  to  investigate  the  possibility 
for  the  other  two  groups  (4  to  6  years  old,  and  7  to  10  years  old) 
having  a  notion  --  that  is,  an  underdeveloped  schema  --  of  patterns  and 
not  being  able  to  verbalize  it.  Also,  it  might  be  that  the  middle  group 
(7  to  10  year  olds)  do  have  a  schema  for  patterns  but  fail  to  abstract 
from  the  events  the  pattern  that  exists  within  the  sequence. 

The  findings  of  additional  research  should  also  be  subjected 
to  further  comparison  of  a  replicated  study  to  maximize  the  reliability 
and  validity  of  this  study. 
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SAMPLE  CHARACTERISTICS 


Sample  Population 

Tl 

t2 

t3 

M 

F 

T 

M 

F 

T 

M 

F 

T 

Group  I  -  4-6  Years 

Bonnie  Doon 

- 

- 

- 

3 

14 

17 

- 

- 

- 

Creche  Day  Nursery 

13 

15 

28 

4 

1 

5 

- 

- 

- 

Grandview 

- 

- 

- 

- 

- 

- 

3 

- 

3 

Jasper  Place 

- 

- 

- 

- 

- 

- 

3 

10 

13 

Lacombe  Camp  Meeting 

4 

3 

7 

1 

3 

4 

1 

- 

1 

Montessori 

- 

- 

- 

8 

7 

17 

- 

1 

1 

Whitecroft  Comm.  League 

- 

- 

- 

- 

- 

- 

9 

6 

15 

Totals 

17 

18 

35 

16 

25 

41 

16 

17 

33 

Mean  Age 

5.2 

5.3 

5.3 

5.0 

5.0 

5.0 

4.7 

5.1 

4.9 

Mean  Years  at  School 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Group  II  -  7-10  Years 


Edmonton  City 

- 

- 

- 

3 

- 

3 

- 

- 

- 

Lacombe  Camp  Meeting 

15 

16 

31 

18 

18 

36 

6 

12 

18 

Whitecroft  Comm.  League 

- 

- 

- 

- 

- 

- 

10 

5 

15 

Totals 

15 

16 

31 

21 

18 

39 

16 

17 

33 

Mean  Age 

8.3 

8.8 

8.5 

8.2 

8.2 

8.2 

8.6 

9.0 

8.8 

Mean  Years  at  School 

3.3 

3.8 

3.5 

3.1 

3.4 

3.2 

3.2 

4.1 

3.6 

Group  III  -  Adult 


Elementary  School 

- 

1 

1 

- 

- 

- 

- 

- 

- 

Lacombe  Camp  Meeting 

- 

- 

- 

1 

1 

2 

- 

- 

- 

Royal  Alexandra  Hospital 

- 

12 

12 

- 

4 

4 

1 

11 

11 

University  of  Alberta 

16 

4 

20 

15 

10 

25 

18 

4 

22 

Whitecroft  Comm.  League 

- 

1 
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- 
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- 

3 

- 

3 

Others 

- 

mm 

- 
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1 

2 
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2 

2 

Totals 

16 

18 

34 

17 

16 

33 

21 

17 

38 

Mean  Age 

22.0 

19.0 

20.0 

27.6 

25.0 

26.3 

27.6 

25.0 

26.3 

Mean  Years  at  School 

15.0 

13.5 

14.0 

15.6 

14.3 

15.0 

15.6 

14.3 

15.0 
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Age _ 

Education 


Male  Female 


Tokens 


Name: 


Subject  Number: 


Treatment: 


Sequence: 


Date: 


POST -EXPERIMENT  QUESTIONNAIRE 

1.  What  did  you  think  was  expected  of  you  in  this  experiment? 

2.  (a)  Did  the  pattern  of  the  lights  -  the  way  in  which  they  came  on  - 

remain  the  same  throughout  the  experiment?  Yes _  No _ 

(b)  If  not,  how  did  it  change,  and  could  you  estimate  how  many 
different  patterns  were  employed? 

3.  Would  you  please  estimate  the  relative  frequency  with  which  each  of 

the  lights  came  on  -  on  the  basis  of  100%  of  the  experimental  trials. 
Left  _ %  Middle  _ %  Right  % 

4.  (a)  Did  the  experiment  hold  your  interest?  Yes _  No _ 

(b)  If  S  became  bored:  Could  you  estimate  about  when  you  first  became 
bored,  and  how  long  it  lasted?  (Give  percentage  of  time.) 
_ %  of  total  time. 

(c)  Did  you  do  anything  deliberately  to  combat  this  boredom? 

Yes  _  No  _ 

5.  If  you  had  a  friend  who  was  going  to  play  exactly  this  same  game  and 

if  you  and  he  were  to  split  his  profits,  how  would  you  advise  him  to 
play?  Pattern  _  Left  _ %  Middle  _ %  Right _ % 


6.  (a)  Did  you  feel  that  what  the  machine  did  was  influenced  by  your 

actions  at  all?  Yes  _  No  _ 

(b)  If  so,  in  what  way? 


7.  (a)  Have  you  ever  participated  in  a  study  of  this  type  before? 

Yes  _  No  _ 

(b)  If  so,  when  was  the  study  run,  and  what  did  it  consist  of? 
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The  point  of  intersection  estimates 
the  beginning  trial,  or  trial  block 
of  asymptotic  response  .level . 
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FIGURE  15 
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FIGURE  17 


TWO  REGRESSION  LINES  FITTED  TO  MFE  RESPONSE  CURVES  FOR  THE  4-6  YEAR 
AGE  GROUP  (FEMALES)  UNDER  TREATMENT  I 
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TWO  REGRESSION  LINES  FITTED  TO  MFE  RESPONSE  CURVES  FOR  THE  7-10  YEAR 
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TWO  REGRESSION  LINES  FITTED  TO  MFE  RESPONSE  CURVES  FOR  THE  ADULT  GROUP 
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FIGURE  22 


TWO  REGRESSION  LINES  FITTED  TO  MFE  RESPONSE  CURVES  FOR  THE  ADULT  GROUP 

(MALES)  UNDER  TREATMENT  I 
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FIGURE  23 


TWO  REGRESSION  LINES  FITTED  TO  MFE  RESPONSE  CURVES  FOR  THE  ADULT  GROUP 

(FEMALES)  UNDER  TREATMENT  I 
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FIGURE  24 

RESPONSE  CURVES  FOR  THE  4-6  YEAR  AGE  GROUP  (M&F)  UNDER  EACH  OF 

THE  THREE  TREATMENTS 
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TABLE  XXII 

SUMMARY  OF  THE  THREE -FACTOR  ANALYSES  OF  VARIANCE  WITH  TRIALS 

AS  REPEATED  MEASURE* 


Kind  of 
Grouping 

Dependent 

Variable 

(levels) 

(levels) 

(repeated 

measures) 

Where 

summar¬ 
ized  * 

Age 

Sex 

Trials 

Table 

Treatment  I** 

MFE 

3 

2 

10 

IV 

Treatment  II 

MFE 

3 

2 

7 

VIII 

Treatment  III 

MFE 

3 

2 

10 

XI 

Treatment 

Sex 

Trials 

Age  group  I 

MFE 

3 

2 

10 

XIV 

Age  group  II 

MFE 

3 

2 

15 

XVI 

Age  group  III 

MFE 

3 

2 

15 

XVIII 

Age 

Sex 

Trials 

Treatment  I 

CR 

3 

2 

10 

VI 

Treatment  II 

CR 

3 

2 

7 

IX 

Treatment  III 

CR 

3 

2 

10 

XIII 

Treatment 

Sex 

Trials 

Age  group  I 

CR 

3 

2 

10 

XV 

Age  group  II 

CR 

3 

2 

15 

XVII 

Age  group  III 

CR 

3 

2 

15 

XIX 

Age 

Sex 

Trials 

Treatment  I 

MFE 

3 

2 

5 

V 

Treatment  III 

MFE 

3 

2 

5 

XII 

Summaries  of  these  analyses  may  be  found  as  indicated. 

**  Special  assumption  -  200  trials  sufficient  to  reach  stable  state. 
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